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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of 



Docket No: 025608-3 



Michinori WAKI, et al. 



Group Art Unit: 1711 



U.S. Patent Appln. No.: 09/068,227 



Examiner: Sanza L. McCLENDON 



Confirmation No.: 2100 



Patent No.: 6,031,017 



Filed: May 5, 1998 



Issue Date: February 29, 2000 



For: PHOTOCURED CROSS-LINKED-HYALURONIC ACID GEL AND METHOD OF 
PREPARATION THEREOF 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 

Mail Stop: Hatch-Waxman PTE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Enclosed is an application for patent term extension pursuant to 37 C.F.R. §1.740. The 
owner (assignee) of record, SEIKAGAKU KOGYO KABUSHIKI KAISHA (SEIKAGAKU 
CORPORATION), is submitting this application. SEIKAGAKU CORPORATION is the 
assignee of the entire interest in and to U.S. Patent No. 6,03 1 ,0 1 7 (U.S. Patent Application No. 
09/068,227), granted to Michinori WAKI and Kenji MIYAMOTO on February 29, 2000, entitled 
PHOTOCURED CROSS-LINKED-HYALURONIC ACID GEL AND METHOD OF 
PREPARATION THEREOF, by virtue of an Assignment from the inventors, recorded at Reel: 
009539, Frame 0586 on May 5, 1998. 

The Applicant hereby submits this application for extension of patent term under 35 
U.S.C. § 156 by providing the following information required by the rules promulgated by the U.S. 
Patent and Trademark Office (37 C.F.R. § 1 .740). For convenience, the information contained in 
this application will be presented in a format following the requirements of 37 C.F.R. § 1.740. 



Sir: 



APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



1. 37 C.F.R. g 1.740(a)(1) - COMPLETE IDENTIFICATION OF THE 
APPROVED PRODUCT AS BY APPROPRIATE CHEMICAL AND GENERIC 
NAME. PHYSICAL STRUCTURE. OR CHARACTERISTICS 

Gel-One® is a sterile, transparent and viscoelastic hydrogel composed of cross-linked 
hyaluronate, a derivative of highly purified sodium hyaluronate (hyaluronan) extracted 
from chicken combs. Hyaluronan is a polysaccharide containing repeating disaccharide 
units of glucuronic acid and N-acetylglucosamine. In the Gel-One® product, strands of 
hyaluronan are bound to each other via dimers of cinnamic acid resulting in increased 
viscoelasticity. 

The Gel-One® product is indicated for the treatment of pain in osteoarthritis (OA) of the 
knee in patients who have failed to respond adequately to non-pharmacologic therapy, 
non-steroidal anti-inflammatory drugs (NSAIDs) or simple analgesics, e.g., 
acetaminophen. 

2. 37 C.F.R. g 1.740(a)(2) - A COMPLETE IDENTIFICATION OF THE 
FEDERAL STATUTE INCLUDING THE APPLICABLE PROVISION OF 
LAW UNDER WHICH THE REGULATORY REVIEW OCCURRED. 

The Gel-One® product was reviewed for pre-market approval under 21 U.S.C. § 515 of 
the Federal Food, Drug, and Cosmetic Act. 

3. 37 C.F.R. g 1.740(a)(3) - THE DATE ON WHICH THE PRODUCT RECEIVED 
PERMISSION FOR COMMERCIAL MARKETING OR USE UNDER WHICH 
THE APPLICABLE REGULATORY REVIEW PERIOD OCCURRED. 



Seikagaku Corporation obtained approval from the FDA on March 22, 201 1, for the Gel- 
One® product. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



4. 37 C.F.R. 8 1.740(a)(5) - A STATEMENT THAT THE APPLICATION IS 
BEING SUBMITTED WITHIN THE SIXTY DAY PERIOD PERMITTED FOR 
SUBMISSION PURSUANT TO 37 C.F.R. § 1.720(f) AND AN IDENTIFICATION OF 
THE DATE OF THE LAST DAY ON WHICH THE APPLICATION COULD BE 
SUBMITTED. 



The present application for Patent Term Extension under 35 U.S.C. § 156 is being 
submitted within the permitted sixty-day period pursuant to 37 C.F.R. § 1 .720(f). The 
last day for submission of the present application is May 20, 201 1. 



5. 37 C.F.R. S 1.740(a)(6) - THE COMPLETE IDENTIFICATION OF THE 

PATENT FOR WHICH AN EXTENSION IS BEING SOUGHT BY THE NAME 
OF THE INVENTOR. THE PATENT NUMBER. THE DATE OF ISSUE. AND 
THE DATE OF EXPIRATION. 



Inventors: 

Michinori WAKI 

Kenji MIYAMOTO 
U.S. Patent No.: 6,031,017 
Issue Date: February 29, 2000 
Expiration Date: November 14, 2016 



6. 37 C.F.R. S 1.740(a)(7) - A COPY OF THE PATENT FOR WHICH AN 
EXTENSION IS BEING SOUGHT. INCLUDING THE ENTIRE 
SPECIFICATION (INCLUDING CLAIMS) AND DRAWINGS. 



A copy of U.S. Patent No. 6,031,017 is attached as APPENDIX A. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



7. 37 C.F.R. § 1.740(a)(8) - A COPY OF ANY DISCLAIMER. CERTIFICATE OF 
CORRECTION, RECEIPT OF MAINTENANCE FEE PAYMENT, OR 
REEXAMINATION CERTIFICATE ISSUED IN THE PATENT. 

There are no disclaimers or reexamination certificates for U.S. Patent No. 6,031,017. 
Copies of Maintenance Fee Receipts for Payment Years 4 and 8 are attached as 
APPENDIXES B and C, respectively. 

8. 37 C.F.R. S 1.740(a)(9) - A STATEMENT THAT THE PATENT CLAIMS THE 
APPROVED PRODUCT, OR A METHOD OF USING OR 
MANUFACTURING THE APPROVED PRODUCT, AND A SHOWING 
WHICH LISTS EACH APPLICABLE PATENT CLAIM AND 
DEMONSTRATES THE MANNER IN WHICH AT LEAST ONE SUCH 
PATENT CLAIM READS ON THE APPROVED PRODUCT. 

U.S. Patent No. 6,031,017 claims methods of manufacturing the approved product. 
Claims 11,12 and 13 read on the approved product. 

Claim 11 reads: 

11. A method for preparing a photocured crosslinked-hyaluronic acid hydrogel 
comprising: 

irradiating with ultraviolet rays an aqueous medium solution containing from 0.5 
to 10% by weight photoreactive hyaluronic acid derivative in which a photoreactive 
crosslinking group is chemically linked to a functional group of the hyaluronic acid; and 

forming an intermolecular and/or intramolecular crosslinking by dimerization of 
the mutual photoreactive crosslinking groups to provide a network structure. 



Gel-One® is a hydrogel composed of cross-linked hyaluronate, a derivative of highly 

purified sodium hyaluronate (hyaluronan). Hyaluronan is a polysaccharide containing 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



repeating disaccharide units of glucuronic acid and N-acetylglucosamine. In the Gel- 
One® product, strands of hyaluronan are bound to each other via dimers of cinnamic acid 
by irradiation with ultraviolet rays. That is, the Gel-One® product is a "photocured 
crosslinked-hyaluronic acid hydrogel." 

Gel-One® is prepared by irradiating, with ultraviolet rays, an aqueous solution 
that contains between 0.5 to 10% by weight of photocurable hyaluronan in which a 
cinnamic acid derivative photoreactive crosslinking group is chemically linked to the 
hyaluronic acid, whereby strands of hyaluronan are bound to each other via dimers of 
cinnamic acid. That is, the Gel-One® product is prepared by "irradiating with ultraviolet 
rays an aqueous medium solution containing from 0.5 to 10% by weight photoreactive 
hyaluronic acid derivative in which a photoreactive crosslinking group is chemically 
linked to a functional group of the hyaluronic acid; and forming an intermolecular and/or 
intramolecular crosslinking by dimerization of the mutual photoreactive crosslinking 
groups to provide a network structure." 

Therefore, the Gel-One® product reads on at least claim 1 1 . 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 

THIS SECTION MUST BE ON A NEW PAGE 

9. 37 C.F.R. S 1.740(a)(10) - THE RELEVANT DATES AND INFORMATION 
PURSUANT TO 35 U.S.C. § 156(g) TO ENABLE THE SECRETARY OF 
HEALTH AND HUMAN SERVICES TO DETERMINE THE APPLICABLE 
REVIEW PERIOD: 

A. The effective date of the investigational device exemption (IDE) and the IDE number. 

1. Conditional approval of the Applicant's IDE was dated May 26, 2006, and 
signed by: 

Mark N. Melkerson, M.S. 
Director 

Division of General Restorative and Neurological Devices 

Office of Device Evaluation 

Center for Devices and Radiological Health. 

2. The Applicant's IDE No. is G060089. 

B. The date on which the application for product approval under Section 515 of the 
Federal Food Drug and Cosmetic Act was initially submitted and the number of the 
application. 

1 . A Pre-market Approval Application (PMA) for the Gel-One® product was 
submitted July 31, 2008. 

2. The PMA Number is P080020. 

C The date on which the application was approved. 

1 . The application was approved March 22, 201 1 . 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 

THIS SECTION MUST BE ON A NEW PAGE 

10. 37 C.F.R. 8 1.740(aKll) - BRIEF DESCRIPTION OF THE SIGNIFICANT 
ACTIVITIES UNDERTAKEN BY THE MARKETING APPLICANT 
rSEIKAGAKU CORPORATIONS DURING THE APPLICABLE 
REGULATORY REVIEW PERIOD WITH RESPECT TO THE APPROVED 
PRODUCT AND THE SIGNIFICANT DATES APPLICABLE TO SUCH 
ACTIVITIES. 

History of IDE 

The original IDE was submitted prior to initiation of the P-III study (Study No.SI- 
6606/01). 

The open-label extension/retreatment study (Study No.Gel/1 132) was conducted under 
the same IDE through approval for the study protocol by IDE supplement. 

2006 

Apr 28 Original IDE submission 

Non-inferiority study comparing Gel-200 (now known as the Gel-One® product) with 
Synvisc three injections. 

May 26 Conditional Approval Letter 

Non-inferiority study with Synvisc was not accepted. 
Suggested to conduct placebo controlled study. 

Jun 13 IDE Supplement 001 

Superiority design comparing Gel-200 to PBS with single injection. 
Responses to deficiencies of May 26. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



Jul 12 Conditional Approval Letter 

FDA required modification of statistical analysis plan. 

Aug 23 IDE Supplement 002 

Response to deficiencies of July 12. 

Sep 21 IDE Full-approval Letter 

Oct 27 IDE Supplement 003 

Gel/1132 protocol. 

Nov 29 Disapproval Letter for IDE Supplement 003 

(Subsequent telephone contact with FDA occurred on Dec 7). 

Open-label study was acceptable for labeling claim of safety by retreatment, but was not 
acceptable for effectiveness claim. 

It was accepted to collect effectiveness data for future publication. 

Nov 29 IDE Supplement 004 

Change in contact person as US agent. 

Dec 22 IDE Supplement 005 

Response to disapproval letter of Nov 29 according to FDA suggestions. 



2007 

Jan 19 Approval Letter for IDE Supplement 005 

Gel/1 132 study was approved. 

Feb 14 IDE Supplement 006 (5-dav Notice) 

Minor change in the approved protocol as of Jan 19. 

May 23 IDE Supplement 007 

Annual report. 



8 



APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



May 29 IDE Supplement 008 (5-dav Notice) 
Change in the number of clinical sites. 

Jun 27 Conditional Approval for IDE Supplement 008 

FDA required statistical analysis plan by change in the number of clinical sites. 

Jun 29 IDE Supplement 009 

Change in contact person as US agent. 

Jul 13 IDE Supplement 010 

Response to FDA request dated June 27. 

Aug 9 Approval for IDE Supplement 10 

Nov 29 IDE Supplement 01 1 (5-dav Notice') 

Change in medical monitor. 

2008 

Feb 12 IDE Supplement 012 (5-dav Notice) 

Notification of SI-6606/01 study completion. 

May 28 IDE Supplement 0 1 3 

Annual Report. 

Jun 25 IDE Supplement 014 

Change in contact person as US agent. 

Oct 20 IDE Supplement 015 

Notification of administrative error for the site address. 

2009 

Jan 21 IDE Supplement 016 

Notification of Gel/1 132 study completion. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 

May 2 8 IDE Supplement 0 1 7 

Annual Report. 

Jun30 IDE Supplement 018 

IDE Final Report (SI-6606/01 study and Gel/1 132 study). 

2010 

Jun 10 IDE Supplement 019 

IDE Final Report amendment (revision of Gel/1 132 clinical study report). 

Jul 16 IDE Supplement 020 

Clarification of device shipment. 

History ofPMA 

The PMA documents other than Section 4 were submitted to Office of Device Evaluation 
(ODE). 

Section 4 (design control/manufacturing) of the PMA was submitted to Office of 
Compliance (OC). 

2008 

Jul 31 PMA Submission 

Sep 4 Deficiency Letter from OC 

FDA required additional information on Section 4. 

Sep 8 PMA Amendment 01 

As per FDA request, a draft Patient Information and SAS dataset were provided. 
Additionally, SAS codes were provided to FDA on Sep 17. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



Oct 15 PMA Amendment 02 (to PC) 

Responses to deficiencies from OC dated Sep 4. 

Oct 22 PMA Amendment 03 (to OC) 

Due to font error, cleaned version of Amendment 02 was submitted. 
FDA acknowledged this amendment as PMA Amendment 03. 

Nov 13 Deficiency Letter from ODE 

1 00-day meeting was held without the official deficiency letter. 
The deficiency letter was provided on Nov 21. 
FDA requested the following items 

- Describe results of ITT in PMA main document though those were 
already included in CSR as an attachment to the PMA documents. 

- Justification of PP as effectiveness evaluable population. 

- Several additional statistical analyses. 

- Revised SSED and labeling. 

Nov 19 Deficiency Letter from OC 

FDA required further clarifications for PMA Amendment 02/03. 

2009 

Feb 20 PMA Amendment 04 (to ODE) 

Responses to deficiencies from ODE dated Nov 13, 2008. 

Feb 24 PMA Amendment 05 (to OC) 

Responses to deficiencies from OC dated Nov 19, 2008. 

Mar 24 Deficiency Letter from OC 

FDA required further clarifications for PMA Amendment 05. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



Apr 10 PMA Amendment 06 (to PC) 

Responses to deficiencies from OC dated Mar 24, 2008. 

Aug 21 PMA Amendment 07 (to ODE) 

Voluntary submission for the update of ongoing stability tests. 

Dec 29 Not Approvable Letter 

2010 

Feb 16 Informal teleconference with FDA 

Discussion about the definition of clinical meaningfulness and possibility of advisory 
panel meeting. 

Jun23 PMA Amendment 08 (to ODE) 

Responses to Not Approvable letter dated Dec 29, 2009. 

Jul 1 Question to PMA Amendment 08 from FDA 

Question regarding the final statistical model. 

Jul 20 PMA Amendment 09 (to ODE) 

Responses to question by FDA regarding PMA Amendment 08. 

Aug 19 Informal teleconference with FDA 

FDA accepted the response in PMA Amendment 09 and requested the revised labeling 
according to FDA's requests. 

Aug 30 PMA Amendment 10 (to ODE) 

Submission of revised labeling as per request by FDA, 

Oct 15 PMA Amendment 1 1 (to ODE) 

Voluntary submission for the update of ongoing stability testing. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



Oct 25 Deficiency for PMA Amendment 1 1 

Request for justification of stability data. 

Nov 15 PMA Amendment 12 (to ODE) 

Response to deficiency dated Oct 25, 2010. 

Nov 29-Dec 2 OSR Inspection by FDA 
No Form 483. 

Dec 1 Deficiency for PMA Amendment 12 

Request to shorten the expiration period. 

Dec 1 7 PMA Amendment 1 3 (to ODE) 

Response to deficiency dated Dec 1 . 

2011 

Jan 4 FDA Draft Labeling 

FDA's revisions to the draft labeling submitted via PMA Amendment 10. 

Jan 21 PMA Amendment 14 (to ODE) 

Submission of the final labeling proposed by SKK. 

Mar 17 FDA letter regarding deficiency identified in Establishment Inspection 

Report 

Notification that corrective actions against the deficiency raised during QSR will be 
verified at the next routinely scheduled inspection. 

Mar 22 Approval Order 

FDA approved the Gel-One® product PMA without a condition. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 

THIS SECTION MUST BE ON A NEW PAGE 

11. 37 C.F.R. § 1.740(a)(12) - STATEMENT THAT IN THE OPINION OF THE 
APPLICANT THAT THE PATENT IS ELIGIBLE FOR EXTENSION AND A 
STATEMENT AS TO THE LENGTH OF EXTENSION CLAIMED. 
INCLUDING HOW THE EXTENSION WAS CALCULATED. 

The Applicant respectfully asserts that U.S. Patent No. 6,03 1,017 is eligible for 
extension. The Applicant has demonstrated that at least one claim of U.S. Patent No. 
6,031,017 reads on the approved device Gel-One®, and that this Application for Patent 
Term Extension is being timely filed. 

The Applicant respectfully asserts that U.S. Patent No. 6,03 1,017 is eligible for a 1364 
day extension as calculated pursuant to 37 C.F.R. § 1.777. 

Calculations Under 37 C.F.R. 8 1.777 
1. Calculations under 37 C.F.R. § 1.777 (c)(1) 

Determine the number of days in the period beginning on the date a clinical 
investigation on humans involving the device began and ending the date the PMA 
was initially submitted. 

i. Records indicate that on May 26, 2006, the Gel-One® product IDE 
number G060089 received a Conditional Approval. Hence, May 26, 2006, 
will be used for the initial calculations. 

ii. The PMA was initially filed July 31, 2008. 

iii. The experimental period is thus calculated to be the number of days 
between May 26, 2006 and July 3 1 , 2008, or 798 days. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 

2. Calculations under 37 C.F.R. § 1.777(c)(2) 

Determine the number of days in the period beginning on the date the PMA was 
initially filed and ending on the date the PMA was approved. 

i. The PMA was initially submitted July 31, 2008, and was approved March 
22,2011. 

Thus, the approval period was 965 days. 

ii. The sum of 37 C.F.R. § 1.777(c)(1) and 37 C.F.R. § 1.777(c)(2) equals 
1763 days. 

3. Calculations under 37 C.F.R. § 1.777(d)(1) 

i. Subtract the number of days in the periods (c)(1) and (c)(2) of this section 
which were on and before the date the patent issued. 

Zero (0) days in period (c)(1) for U.S. Patent No. 6,031,017. 

ii. Subtract the number of days in the periods (c)(1) and (c)(2) of this section 
during which the Applicant did not act with due diligence. 

Zero (0) days for U.S. Patent No. 6,031,017. 

iii. Subtract one-half the number of days remaining in the period defined by 
(c)(1) of this section after that period is reduced in accordance with 
paragraphs (d)(l)(i) and (ii). 

399 days for U.S. Patent No. 6,031,017. 

Therefore, the maximum extension available for U.S. Patent No. 6,031,017, is 
1364 days ( 798 (from Step l(iii)) + 965 (from Step 2) - 399 (from Step 3 (iii)). 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,03 1,017 (U.S. Patent Application No. 09/068,227) 



4. Calculations Under 37 C.F.R. § 1.777 (d)(2) 

i. Determine the number of days shorted by a Terminal Disclaimer. 
Zero (0) days for U.S. Patent No. 6,031,017. 

This yields a date of August 9, 2020 (having a calculated original expiry 
date of November 14, 2016). 

5. Calculations Under 37 C.F.R. § 1.777(d)(3) 

i. Section (d)(3) requires that 14 years be added to the date the PMA was 
approved; this equals the longest possible extension available (14 years 
from the approval date). 

In this case, the 37 C.F.R. § 1.777 (d)(3) date is March 22. 2025 . 

6. Calculations Under 37 C.F.R. § 1 .777 (d)(4) 

i. Compare the dates for the ends of the periods pursuant to paragraphs 
(d)(2) and (d)(3) with each other, and select the earlier date. 

The new expiration date will be the date from § 1.777 (d)(2), which is 
August 9, 2020. 

7. Calculations Under 37 C.F.R. § 1.777 (d)(5) 

i. Calculate five years from the original Patent expiry date if the Patent was 
issued after September 24, 1984. 

U.S. Patent No. 6,03 1 ,017 was issued after September 24, 1984. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,03 1,017 (U.S. Patent Application No. 09/068,227) 

This yields a date of November 14, 2021 (having a calculated original 
expiry date of November 14, 2016). 

12. 37 C.F.R. § 1.740(a)(13) - STATEMENT THAT THE APPLICANT 
ACKNOWLEDGES A DUTY TO DISCLOSE TO THE COMMISSIONER OF 
PATENTS AND TRADEMARKS AND THE SECRETARY OF HEALTH AND 
HUMAN SERVICES ANY INFORMATION WHICH IS MATERIAL TO THE 
DETERMINATION OF ENTITLEMENT TO THE EXTENSION SOUGHT. 

The Applicant acknowledges its duty to disclose to the Commissioner of Patents and 
Trademarks and the Secretary of Health and Human Services any information which is 
material to the determination of entitlement to the extension sought. The Applicant has 
no disclosures that are material to the determination of entitlement to the extension 
sought. 

In accordance with this duty, Applicant advises that three Applications for PTE 
have been filed for the Gel-One® product, this application, one to extend U.S. 
Patent No. 6,602,859, and one to extend U.S. Patent No. 5,763,504. 

13. 37 C.F.R. S 1.740(aK14) - THE PRESCRIBED FEE FOR RECEIVING AND 
ACTING UPON THE APPLICATION FOR EXTENSION. 

The Commissioner is hereby authorized to charge payment of the patent term extension 
application fee pursuant to 37 C.F.R. § 1.20(j)(l) in the amount of $1,120.00 to Deposit 
Account No. 19-4880. 
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APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 
U.S. Patent No. 6,031,017 (U.S. Patent Application No. 09/068,227) 



14. 37 C.F.R. S 1.740(a)(15) - THE NAME ADDRESS AND TELEPHONE 
NUMBER OF THE PERSON TO WHOM INQUIRES AND 
CORRESPONDENCE RELATING TO THE APPLICATION FOR PATENT 
TERM EXTENSION ARE TO BE DIRECTED. 



All inquires and correspondence should be directed to: 
Susan J. Mack, Esq. 
Sughrue Mion PLLC 
2100 Pennsylvania Ave., N.W. 
Washington, D.C. 



Telephone: 



Firm: 202-293-7060 ext. 7943 



Direct Line: 202-663-7943 



Respectfully submitted 
on behalf of the Applicant, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




Registration No. 30,951 



WASHINGTON OFFICE 



65565 



CUSTOMER NUMBER 



Date: May 18,2011 
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[57] ABSTRACT 

A photocured crosslinked- hyaluronic acid gel, which has a 
storage modulus (C) of from 50 to 1500 Pa, a loss modulus 
(G ') of from 10 to 300 Pa, and a tangent delta (G7G') of 
from 0.1 to 0.8 in dynamic viscoelasticity at a frequency of 
10 Hz, and which is a bydrogel obtained by irradiation with 
ultraviolet rays of a photoreactive hyaluronic acid derivative 
in which a photoreactive crosslinking group is chemically 
linked to a functional group of the hyaluronic acid and 
crosslinking of mutual photoreactive crosslinking groups, 
methods for preparing the same, and uses thereof as bio- 
medical materials. 

19 Claims, 2 Drawing Sheets 
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PHOTOCURED CROSS-LINKED- 
HYALURONIC ACID GEL AND METHOD OF 
PREPARATION THEREOF 

TECHNICAL FIELD 

The present invention relates to a biocompatible photo- 
cured crosslinked-hyaluronic acid gel that is a hydrogel 
having specific physical properties, methods for preparing 
the same, and uses thereof as biomedical materials. 

BACKGROUND ART 

Hyaluronic acid exists in animal tissues and has biocom- 
patibility and biodegradability. With regard to physical 
properties, it has superior properties such as a highly water- 
absorbing property, and the aqueous solution thereof has 
high viscosity. 

A hydrogel is obtained by chemically modifying hyalu- 
ronic acid, crossl inking the modified hyaluronic acid by 
some methods to form a network structure, and incorporat- 
ing an aqueous medium such as water into the network 
structure. The hydrogel shows viscoelasticity as well as 
viscosity. 

The crosslinked hyaluronic acid apparently forms mac- 
romolecules irrespective of the bonding mode. The biode- 
gradability of the crosslinked hyaluronic acid can be con- 
trolled by adjusting the degree of crosslinking. 

There are various crosslinking modes. For example, as a 
crosslinking mode making use of a hydrophobic bonding or 
an ionic bonding, a crosslinking of hyaluronic acid by 
introducing a nucleophilic reagent thereto (JP-W-3-502704 
(corresponding to U.S. Pat. No. 4,937,270), the term "JP-W" 
as used herein means an "unexamined published interna- 
tional patent application"), a crosslinking via a hydrophobic 
bonding by esterification of hyaluronic acid (U.S. Pat. No. 
4,851,521), and a crosslinking via an ionic bonding by 
polyvalent ions (EP 0507604 A2) have been known. Since 
they are crosslinked by a weak bonding force compared to 
that of a covalent bonding, they are susceptible to influences 
of external changes such as pH, ionic strength, temperature 
and the like. In addition, when they are used as biomedical 
materials, rema inability in a living body is short, and it is 
difficult to control properly remainability in the body so as 
to maintain the physiological effects of hyaluronic acid for 
the body. 

Furthermore, as a crosslinking mode of binding of hyalu- 
ronic acid molecules by a covalent bonding, a crosslinking 
via divinylsulfone (JP-B-4-30691 (corresponding to U.S. 
Pat. No. 4,582,865), the term "JP-B" as used herein means 
an "examined Japanese patent publication") and a crosslink- 
ing via an epoxide (JP-W-6 1-502729 (corresponding to U.S. 
Pat. No. 4,886,787), JP-A-5-140201, the term "JP-A" as 
used herein means an "unexamined published Japanese 
patent application") have been known. However, the 
crosslinking agents or the crosslinking compounds used in 
these crosslinkings are toxic. Besides, a three-dimensional 
network structure is constituted by crosslinking at the same 
time when divinylsulfone, epoxide or the like is introduced 
into hyaluronic acid, and the formed crosslinked hyaluronic 
acid gel is insolubilized in a solvent such as water and the 
like. Unreacted low-molecular compounds thus incorpo- 
rated into the network structure are difficult to separate and 
remove. 

On the other hand, a crosslinking of hyaluronic acid by a 
photocured crosslinking reaction through irradiation with 
ultraviolet rays (JP-A-6-73102 (corresponding to U.S. Pat, 
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No. 5,462,976), ASAIO Journal, 38, M154-M157 (1992)) 
has also been known. This crosslinking mode has the 
advantages that a photoreactive hyaluronic acid derivative 
into which a photoreactive crosslinking group is introduced 

5 is water-soluble before photocured crosslinking and a three- 
dimensional network structure is not formed at the time so 
that unreacted low-molecular compounds can be removed 
with ease; the photore action itself is such a clean reaction 
that yields a photocured crosslinked-hyaluronic acid deriva- 

1Q tive free from unreacted low-molecular compounds; and the 
resulting crosslinked structure is formed by a covalent 
bonding so that the control of the remainability of the 
photocured crosslinked-hyaluronic acid derivative can be 
easily performed by controlling a degree of crosslinking. 
Also, when the above-described photocured crosslinked- 

15 hyaluronic acid derivative was intended to apply for uses as 
biomedical materials, e.g., antiadhesive materials, those in 
the film-like form had been investigated (ASAIO Journal, 
38, M154-M157 (1992)), but it has been difficult to prevent 
adhesions in fine parts of tissues or organs. Thus, an inject- 

20 able photocured crosslinked-hyaluronic acid gel which can 
be injected into such a fine site has therefore been 
demanded. 

However, hydrogel of a photocured crosslinked- 
hyaluronic acid and methods for preparing the same as 
25 disclosed in the present invention have been unknown. 

A conventional crosslinked hyaluronic acid hydrogel has 
difficulty in removing impurity such as unreacted low- 
molecular compounds and the like and controlling the 
physical properties of the hydrogel. Furthermore, it has been 
difficult to establish conditions for preparing hydrogel hav- 
ing desired physical properties. 

DISCLOSURE OF THE INVENTION 

First object of the present invention is to provide a 
35 photocured crosslinked-hyaluronic acid gel containing an 
aqueous medium which is obtained by irradiation with 
ultraviolet rays of a photoreactive hyaluronic acid derivative 
into which the photoreactive crosslinking group is intro- 
duced and dimerization of the mutual photoreactive 
40 crosslinking groups to form a cyclobutane ring and to 
thereby form a network structure, and methods for easily 
preparing the above-described gel. 

Second object of the present invention is to provide an 
injectable biomedical material comprising a photocured 
45 crosslinked-hyaluronic acid gel which is excellent in safety, 
biocompatibility and biodegradability. 

As a result of intensive studies, the inventors of the 
present invention have succeeded in achieving the above 
objects by the following construction: 
50 1) A photocured crosslinked-hyaluronic acid gel, which has 
a storage modulus (G 1 ) of from 50 to 1500 Pa, a loss 
modulus (G") of from 10 to 300 Pa, and a tangent delta 
(G7G') of from 0,1 to 0.8 in dynamic viscoelasticity 
measured by a rheometer under the following conditions, 
55 method of measurement: 

oscillation test method, stress control 
measuring temperature: 37° C. 
measuring geometry: 4 cm 
60 gap: 800 /an 

frequency: 10 Hz, and 

which is a hydrogel obtained by irradiation with ultravio- 
let rays of a photoreactive hyaluronic acid derivative in 
which a photoreactive crosslinking group is chemically 
65 linked to a functional group of the hyaluronic acid and 
crosslinking of mutual photoreactive crosslinking 
groups; 
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2) A photocured crosslinked-hyaluronic acid gel, 

which has a crosslinking extent of from 0,01 to 0.5% per 
mole of a constituent disaccharide unit of the hyalu- 
ronic acid, and 

which is a hydrogel obtained by irradiation with ultravio- 5 
let rays of a photoreactive hyaluronic acid derivative in 
which a photoreactive crosslinking group is chemically 
linked to a functional group of the hyaluronic acid and 
crosslinking of mutual photoreactive crosslinking 
groups; 

3) A photocured crosslinked-hyaluronic acid gel, 
which has a water absorption of 2,000 to 15,000% as 

defined as follows: 



water absorption (%)=weight of absorbed water /weight of dried 
gelxlOO, and 

which is a hydrogel obtained by irradiation with ultravio- 
let rays of a photoreactive hyaluronic acid derivative in 
which a photoreactive crosslinking group is chemically 20 
linked to a functional group of the hyaluronic acid and 
crosslinking of mutual photoreactive crosslinking 
groups; 

4) The photocured crosslinked-hyaluronic acid gel accord- 
ing to any one of 1) to 3) above, 25 
wherein said photoreactive crosslinking group is a cin- 

namic acid derivative containing a spacer and chemi- 
cally links to a functional group of hyaluronic acid to 
afford said photoreactive hyaluronic acid derivative; 

said mutual photoreactive crosslinking groups of said 
photoreactive hyaluronic acid derivative are dimerized 
by irradiation with ultraviolet rays to form a cyclobu- 
tane ring and to thereby form a network structure; and 

said gel is a hydrogel containing an aqueous medium in 35 
said network structure; 

5) The photocured crosslinked-hyaluronic acid gel accord- 
ing to 4) above, wherein said spacer is a group derived 
from an amino alcohol, an amino acid or a peptide; 

6) The photocured crosslinked-hyaluronic acid gel accord- 4Q 
ing to 4) or 5) above, wherein said photoreactive 
crosslinking group is represented by the following for- 
mula (1) or (2): 



30 



(1) 



wherein R 1 and R 2 each independently represents a 
hydrogen atom or an alkyl group having from 1 to 8 
carbon atoms; Ph represents a phenyl group; and n 
represents an integer of from 2 to 18; 

50 

— A — NH — Ph — CH— CHCOOR (2) 

wherein R 3 represents an alkyl group having from 1 to 8 
carbon atoms or an aralkyl group; A represents 
— (NHCR 4 R 5 CO) m — or — NH(CR 4 R 5 )aCO— . R * and 
R 5 each independently represents a hydrogen atom or an 55 
alkyl group having from 1 to 8 carbon atoms; — Ph — 
represents a para-phenylene group; m represents an inte- 
ger of from 1 to 6; and h represents an integer of from 1 
to 18; 

7) The photocured crosslinked-hyaluronic acid gel accord- eo 
ing to any one of 1) to 6) above, wherein said photore- 
active crosslinking group is introduced in a proportion of 
from 0.05 to 10% per mole of a constituent disaccharide 
unit; 

8) A photocured crosslinked-hyaluronic acid gel, 65 
which has a storage modulus (C) of from 50 to 1500 Pa, 

a loss modulus (G") of from 10 to 300 Pa, and a tangent 



delta (G7G') of from 0.1 to 0.8 in dynamic viscoelas- 

ticity measured by a rheometer under the following 

conditions, 
method of measurement: 

oscillation test method, stress control 
measuring temperature: 37° C. 
measuring geometry: 4 cm 
gap: 800 jum 
frequency: 10 Hz, and 

which is a hydrogel obtained by irradiation with ultravio- 
let rays of a photoreactive hyaluronic acid derivative in 
which a photoreactive crosslinking group is chemically 
linked to a functional group of the hyaluronic acid and 
crosslinking of mutual photoreactive crosslinking 
groups and then by a heat treatment of the crosslinked 
product; 

9) A photocured crosslinked-hyaluronic acid gel, 

which has a storage modulus (G') of from 50 to 1500 Pa, 
a loss modulus (G") of from 10 to 300 Pa, and a tangent 
delta (G7G') of from 0.1 to 0.8 in dynamic viscoelas- 
ticity measured by a rheometer under the following 
conditions, 

method of measurement: 

oscillation test method, stress control 

measuring temperature: 37° C. 

measuring geometry: 4 cm 

gap: 800 

frequency: 10 Hz, and 

which is a hydrogel obtained by a heat treatment of a 
photoreactive hyaluronic acid derivative in which a 
photoreactive crosslinking group is chemically linked 
to a functional group of the hyaluronic acid, and then 
by irradiation with ultraviolet rays of the heated pho- 
toreactive hyaluronic acid derivative and crosslinking 
of mutual photoreactive crosslinking groups; 

10) A photocured crosslinked-hyaluronic acid gel, 

which has a storage modulus (G') of from 50 to 1500 Pa, 
a loss modulus (G M ) of from 10 to 300 Pa, and a tangent 
delta (G7G') of from 0.1 to 0.8 in dynamic viscoelas- 
ticity measured by a rheometer under the following 
conditions, 

method of measurement: 

oscillation test method, stress control 

measuring temperature: 37° C. 

measuring geometry: 4 cm 

gap: 800 fxm 

frequency: 10 Hz, and 

which is a- hydrogel obtained by a heat treatment of a 
photoreactive hyaluronic acid derivative in which a 
photoreactive crosslinking group is chemically linked 
to a functional group of the hyaluronic acid, and then 
by irradiation with ultraviolet rays of the heated pho- 
toreactive hyaluronic acid derivative and crosslinking 
of mutual photoreactive crosslinking groups, and then 
by a heat treatment of the crosslinked product again; 

11) The photocured crosslinked-hyaluronic acid gel accord- 
ing to any one of 1) to 10) above, wherein the endotoxin 
content of the gel is 0.25 endotoxin unit (EU)/g or less; 

12) A method for preparing a photocured crosslinked- 
hyaluronic acid gel comprising: 

irradiating with ultraviolet rays an aqueous medium solu- 
tion containing from 0.5 to 10% by weight photoreac- 
tive hyaluronic acid derivative in which a photoreactive 
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crosslinking group is chemically linked to a functional 
group of the hyaluronic acid; and 

forming an intermolecular and/or intramolecular 
crosslinking by dimerization of the mutual photoreac- 
tivc crosslinking groups to provide a network structure. 

13) The method for preparing a photocured crosslinked- 
hyaluronic acid gel according to 12) above, wherein a heat 
treatment is conducted before and/or after irradiation with 
ultraviolet rays of said aqueous medium solution of the 
photoreactive hyaluronic acid derivative; 

14) The method for preparing a photocured crosslinked- 
hyaluronic acid gel according to 13) above, wherein said 
heat treatment is conducted at from 100 to 125° C. for 
from 5 to 30 minutes with high pressure steam; 

15) A biomedical material comprising the photocured 
crosslinked-hyaluronic acid gel according to any one of 1) 
to 11) above; 

16) The biomedical material according to 15) above, which 
has an antiadhesive effect; 

17) A biomedical material kit comprising a crosslinked 
hyaluronic acid gel and a container containing said gel in 
such a state that it can be taken out; 

18) The biomedical material kit according to 17) above, 
wherein said container is a container which can push out 
said gel for injection; 

19) A biomedical material kit comprising the photocured 
crosslinked hyaluronic acid gel as described in any one of 
1) to 11) and a container containing said gel in such a state 
that it can be taken out; and 

20) The biomedical material kit according to 19) above, 
wherein said container is a container which can push out 
said gel for injection. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a drawing showing a concept of photocured 
crosslinking in a photoreactive hyaluronic acid derivative 
solution. 

FIG. 2 is a graph showing the relationship between DS 
(degree of substitution) and water absorption ratio of a 
photocured crosslinked-hyaluronic acid gel. 

BEST MODE FOR PRACTICING INVENTION 

Jlie present invention will be explained in detail below. 

The term "photocured crosslinked-hyaluronic acid deriva- 
tive" as used in the present invention is intended to include 
a derivative, as a concept, obtained by irradiation with 
ultraviolet rays of a photoreactive hyaluronic acid derivative 
in which a photoreactive crosslinking group is chemically 
linked and dimerization of the mutual photoreactive 
crosslinking groups to crosslink the hyaluronic acid deriva- 
tive and to thereby form a network structure. The term 
"photocured crosslinked-hyaluronic acid gel" as used in the 
present invention means hydrogels, as a concept, containing 
an aqueous medium such as water, a buffer, physiological 
saline, buffered physiological saline, an aqueous solution 
containing a water-soluble organic solvent and the like as a 
dispersion medium in the network structure (three- 
dimensional network structure) of a photocured crosslinked- 
hyaluronic acid (hereinafter sometimes simply referred to as 
the "gel of the present invention"). The term "functional 
group of hyaluronic acid" as used in the present invention is 
intended to include functional groups which exist in hyalu- 
ronic acid and are capable of chemically linking to the 
photoreactive crosslinking groups. Representative examples 
of the functional groups are a carboxyl group and a hydroxy 1 
group. The term "lower alkyl"or "lower alkoxyl" as used in 
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the present invention is intended to include an alkyl group or 
an alkoxyl group which has from 1 to 8 carbon atoms, 
preferably from 1 to 4 carbon atoms. 

In the gel of the present invention, at first the physical 
properties thereof is specified from the standpoint of vis- 
coelasticity and at second the crosslinking structure thereof 
is specified from the standpoint of crosslinking extent. 

The photoreactive crosslinking group in the photoreactive 
hyaluronic acid derivative of the present invention is not 
particularly limited as long as said group has a vinylene 
group which is capable of being dimerized by ultraviolet ray 
irradiation to form a cyclobutane ring and said group is 
derived from cinnamic acid or substituted derivatives 
thereof (for example, cinnamic acid derivatives and the like 
in which one or two hydrogen atoms at any positions of the 
benzene ring of cinnamic acid are substituted with a lower 
alkyl group (e.g., methyl, ethyl, propyl, isopropyl, butyl, 
t-butyl and the like), a lower alkoxyl group (e.g., methoxy, 
ethoxy, propoxy, isopropoxy, butoxy and the like), an amino 
group, a hydroxy 1 group and the like), a carboxy-lower- 
alkylthymine (e.g., l-(2-carboxyethyl)thymine and the like), 
a carboxy-lower-alkyl-substituted coumarin (e.g., 
7-coumaryloxyacetic acid and the like) and the like. Among 
them, a photoreactive crosslinking group into which a group 
derived from cinnamic acid or a derivative thereof is intro- 
duced is particularly preferred. Furthermore, as a photore- 
active crosslinking group, a group derived from a compound 
in which a spacer is bound to a photoreactive compound 
such as cinnamic acid and the like is also preferred. Pre- 
ferred spacers include those having two or more functional 
groups capable of binding to both of the functional group of 
a photoreactive compound such as cinnamic acid and the 
like and the functional group of hyaluronic acid. Concretely, 
amino acids or derivatives thereof, peptides, and amino 
alcohols and the like are preferred, and particularly amino 
alcohols are most preferred. The photoreactive crosslinking 
group may be introduced to any functional group of the 
constituent saccharide moieties of hyaluronic acid, i.e., 
N-acetyl-D-glucosamine and D-glucuronic acid, but it is 
particularly preferable to introduce said crosslinking group 
to the carboxyl group of the D-glucuronic acid. 

In using cinnamic acid as a photoreactive crosslinking 
group and amino alcohol as a spacer, for instance, the 
photoreactive hyaluronic acid derivative with such structure 
is preferred that the carboxyl group of cinnamic acid is 
chemically linked to the hydroxyl group of the amino 
alcohol by an ester bond, and the amino group of the amino 
alcohol is chemically linked to the carboxyl group of hyalu- 
ronic acid by an amide bond. In using amminocinnamic acid 
as a photoreactive crosslinking group and an amino acid or 
a peptide as a spacer, the photoreactive hyaluronic acid with 
such structure is preferred that the carboxyl group of the 
spacer is chemically linked to the amino group of amino- 
cinnamic acid by an amide bond, and the amino group of 
said amino acid or peptide is chemically linked to the 
carboxyl group of hyaluronic acid by an amide bond. 

Concretely, of the photoreactive crosslinking groups to 
which a spacer is bound, those represented by formula (1) or 
(2) shown below are particularly preferred, 



-NHCCR'R^OCOCH^CH— Ph 



(1) 



In formula (1), R 1 and R 2 each independently represents 
a hydrogen atom or a lower alkyl group (preferably having 
from 1 to 4 carbon atoms); Ph represents a phenyl group 
which may be not only a group expressed as C e H s — but also 
a group including a substituted benzene ring at any positions 
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whose one or two hydrogen atoms are substituted with one Sterile and substantially endotoxin-free (e.g., endotoxin 

or two substituents selected from a lower alkyl or alkoxyl content of 0.25 EU/g or less) photoreactive hyaluronic acid 

group having from 1 to 4 carbon atoms, an amino group, a derivatives and photocured crosslinked-hyaluronic acid gels 

hydroxyl group and the like; and n represents an integer of C an be obtained by using sterile or substantially endotoxin- 

from 2 to 18, preferably from 2 to 12. 5 f ree reagents, water, containers and the like and paying 

The photoreactive crosslinking group represented by for- attention to sterilization of the working environment in the 

mula (1) is chemically linked to, e.g., the carboxyl group of preparation 

hyaluronic acid by an amide bond to form a photoreactive Specific compounds used for introduction of a photore- 

hyaluronic acid derivative. active crosslinking group t0 hyaluronic acid include that 

— a — nh — Ph — ch=chcoor 3 (2) i 0 represented by the following formula (1-1) or (2-1): 

In formula (2), R 3 represents a lower alkyl group, pref- ( C R^)„ococH=CH-Ph (i-i) 

erably an alkyl group having from 1 to 4 carbon atoms (e.g., 2 v J " 

methyl, ethyl or the like), or an aralkyl group having from wherein R 1 , R 2 , Ph, and n are as defined above. 
7 to 20 carbon atoms, preferably benzyl or phenethyl; A 

represents — (NHCR 4 R*CO) m -~ or — NH(CR 4 R 5 ),,CO— ; is h — A — nh — Ph — ch~chcoor 3 (2-1) 
R 4 and R 5 each independently represents a hydrogen atom or 

a lower alkyl group (preferably having from 1 to 4 carbon wherein A, — Ph— , and R are as defined above, 

atoms); — Ph— represents a para-phenylene group which Compounds (1-1) and (2-1) are preferably used in the 

may be not only a group expressed as — C 6 H 4 — but also a form of a salt, for example, an acid addition salt such as a 

group including a substituted benzene ring whose hydrogen 20 hydrochloride, a hydrobromide, a hydrofluonde or the like, 

atom at the ortho or meta position in the benzene ring is a hydrochloride being particularly preferred, 

substituted with a lower alkyl or alkoxyl group having from Concretely, hydrochloride (1-2) of compound (1-1) can be 

1 to 4 carbon atoms, an amino group, a hydroxyl group or synthesized according to the following reaction scheme: 

the like; m represents an integer of from 1 to 6, preferably Fu" sl Reaction 

from 1 to 3; and h represents an integer of from 1 to 18, 25 ^HN C CR^^)„OH(3) + xcoCH=CH-Ph(4)^ 

preferably from 1 to 12. r'hnccr^ococh^ch— Ph(5) 

The hyaluronic acid for use in the present invention is not 

particularly limited; however, a hyaluronic acid having a Second Reaction 

weight average molecular weight of from 10,000 to 5,000, _ 

000 is usually used as a starting material. Various molecular 30 (5) + HCl-HCl.H 2 N(CR R )„OCOCH-CH-Ph (1-2) 

weights may be selected according to the use purpose. The wherein R 6 represents an amino-protecting group which can 

weight average molecular weight is preferably from 500,000 be c i eave d with acid, e.g., a t-butoxycarbonyl group and the 

to 3,000,000, and more preferably from 800,000 to 2,500, ^ kG . ^ x represents a halogen atom, e.g., a chlorine atom 

000. A water-soluble salt of hyaluronic acid such as an alkali anc j tne jj^ e 

metal salt (e.g., sodium salt, potassium salt or the like), an 35 Herein, specifically, compound (1-2) is synthesized as 

alkaline earth metal salt (e.g., calcium salt or the like) or the follows. 

like is preferably used in the following synthetic method, but ^ organ j c solvent (e.g., chloroform and the like) is added 

other salts or a free acid can also be used as far as they are t0 compound (3), and an organic base (e.g., triethylamine 

soluble in the reaction solvent used and do not interfere with and tne - IS ac jded thereto under cooling with ice. 

the reaction. The term "hyaluronic acid" as used hereinafter 40 Compound (4) and a basic catalyst (e.g., 4-dimethyl- 

sometimes includes salts thereof. aminopyridine and the like) are added thereto successively. 

The photoreactive hyaluronic acid derivative for use in st in-ing the mixture at room temperature, an organic 

the present invention can be prepared by dissolving hyalu- solvent (e.g., ethyl acetate and the like) is added to the 

ronic acid in, for example, water alone or an aqueous reaction mixture, and the mixture is washed successively 

solution containing a water-miscible organic solvent (for 45 w i t h several portions of a weak acid aqueous solution, water, 

example, dioxane, dimethylformamide, several portions of a weak alkali aqueous solution, water, a 

N-methylpyrrolidone, acetamide, alcohol (e.g., methanol, saturated sodium chloride aqueous solution and the like. The 

ethanol), pyridine and the like) and introducing a photore- organic solvent layer separated is dried over anhydrous 

active crosslinking group by, for example, a carbodiimide so dium sulfate or the like. The desiccant and the like are 

method in the presence of a water-soluble carbodiimide 50 rem0 ved by filtration, and the filtrate is dried under reduced 

(e.g., l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide pressure to give compound (5). 

hydrochloride (hereinafter abbreviated as "EDC-HC1"), A 1 to 5 M solution of-hydrogen chloride in an organic 

l-ethyl-3-(3-dimethylaminopropyl)carbodiimide solvent (e.g., dioxane and the like) is added to compound (5) 

methiodide, l-cyclohexyl-3-(2-morpholinoethyl) under coo ii ng w ith ice, followed by stirring. An organic 

carbodiimide hydrochloride) and a condensation auxiliary 55 solvent (e.g., diethyl ether and the like) is added thereto, and 

agent (e.g., N-hydroxysuccinimide, the crystals precipitated are collected by filtration. The 

N-hydroxybenzotriazole and the like). crystals are washed with an organic solvent and dried under 

Purification of the product obtained after the reaction can reduced pressure to give compound (1-2). 

be carried out in a usual manner, for example, ethanol Concretely, hydrochloride (2-2) of compound (2-1) can be 

precipitation or dialysis. After purification and drying, the 60 synthesized according to the following reaction scheme: 

degree of substitution (hereinafter abbreviated as "DS", pj rst Reaction 
which is the ratio of introduction of the photoreactive 

crosslinking group per constituent disaccharide unit of R 6 — A — OH(6)+H 2 N Ph ch=chcx)OR 3 (7)-»r 6 a HN 
hyaluronic acid) of the resulting photoreactive hyaluronic Ph-CH^CHCOOR 3 (8) 
acid derivative can be obtained by measurement of the 65 s econd Reaction 
absorbance at around 269 nm of the product with a spec- 
trophotometer. (8)+HCl-*HCl.H — A — HN — Ph — CH—CHCOOR 3 (2-2) 
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wherein R 3 and R 6 are as defined above. closer and trans-to-cis isomerization takes place predomi- 

Furthermore, compound (2-2) is specifically synthesized nantly over dimerization. 

as follows. The inventors of the present invention found that a 

An organic solvent (e.g., chloroform and the like) is added photocured crosslinked-hyaluronic acid gel can be formed 

to compound (6), and an activator (e.g., dimethyl- 5 by preparing an aqueous solution of a photoreactive hyalu- 

phosphinothioyl chloride and the like) is added thereto in the ronic acid derivative in a high concentration to make the 

presence of an organic base (e.g., triethylamine and the like) mutual photoreactive crosslinking groups closer more 

while cooling with ice, thereby to activate the carboxyl frequently, making the solution layer into a shape allowing 

group of compound (6). After activation of compound (6), ultraviolet rays transmittable with ease, followed by irradia- 

compound (7) is added thereto in the presence of an organic 10 tion thereto with ultraviolet rays. 

base (e.g., triethylamine and the like) while ice-cooling, According to the present invention, when the photoreac- 

followed by stirring at room temperature. An organic solvent tive hyaluronic acid is irradiated with ultraviolet rays, pho- 

(e.g., ethyl acetate and the like) is added to the reaction tocured crosslinked-hyaluronic acid gel having desired 

mixture, and the mixture is washed successively with sev- physical properties such as viscoelasticity and the like can 

eral portions of a weak acid aqueous solution, water, several 15 be obtained by properly selecting photoreaction conditions 

portions of a weak alkali aqueous solution, water, a saturated such as the concentration of the photoreaction solution, 

sodium chloride aqueous solution and the like. The organic irradiation time of the ultraviolet rays and the like, or DS. 

solvent layer separated is dried over anhydrous sodium A preferred concentration of the photoreactive hyaluronic 

sulfate or the like. The desiccant and the like are removed by acid derivative solution in an aqueous medium which is to 

filtration, and the filtrate is dried under reduced pressure to 20 be irradiated with light (hereinafter sometimes referred to as 

give compound (8). a "photoreaction concentration") is about from 0.5 to 10% 

A 1 to 5 M solution of hydrogen chloride in an organic by weight. In using a photoreactive hyaluronic acid deriva- 
solvent (e.g., dioxane and the like) is added to compound (8) tive having a molecular weight of about 1,000,000, a con- 
under cooling with ice, followed by stirring. An organic centration of from 1 to 4% by weight is more preferred. At 
solvent (e.g., diethyl ether and the like) is added thereto, and 25 lower concentrations, isomerization takes place in pre fer- 
ine crystals precipitated are collected by filtration, washed ence to dimerization as hereinafter mentioned. On the 
with an organic solvent, and dried under reduced pressure to contrary, at higher concentrations, it is difficult to obtain 
give compound (2-2). uniform gel. 

The existence of a spacer incorporated into the photore- When a more diluted aqueous solution in concentration 

active crosslinking group greatly contributes to an improve- 30 than said concentration specified is irradiated with ultra vio- 

ment in photo reactivity of the photoreactive hyaluronic acid let rays, isomers tend to be produced preferentially as 

derivative, while the improvement depends on the degree of described above. On continuing irradiation with ultraviolet 

freedom and hydrophobic bonding properties of the spacer. rays, the saccharide chain itself of hyaluronic acid will be 

The improved sensitivity in photoreactivity brought about cleaved by the influence of ultraviolet rays, resulting in 

by the spacer makes it possible to achieve photocured 35 reduction of molecular weight. From these standpoints, it is 

crosslinking at such a low introduction ratio of the photo- of importance to create a reaction situation in which pho- 

reactive crosslinking group while photocured crosslinking tocured crosslinking reaction proceeds efficiently without 

has heretofore been difficult under such conditions. adverse influences on the saccharide chain of hyaluronic 

According to a conventional technique, when the above- acid. It is essential therefore to prepare an aqueous solution 
described photoreactive hyaluronic acid derivative is 40 at concentrations specified above. FIG. 1 shows the concept 
crosslinked by light irradiation, an aqueous solution of a drawing of photocured crosslinking in an aqueous medium, 
photoreactive hyaluronic acid derivative is first dried over a in which (a) shows the change of a photoreactive hyaluronic 
container and the like into a film or the like, and then acid derivative in a diluted solution on irradiation with 
irradiated with ultraviolet rays to obtain a photocured ultraviolet rays. Water molecules prevent the mutual photo- 
crosslinked-hyalu ronic acid film. Not only does a film 45 reactive crosslinking groups from taking a molecular 
transmit ultraviolet rays easily, but also the photoreactive arrangement ready for crosslinking, and isomerization pre- 
crosslinking groups are oriented to get closer to each other dominates as a result. In (b) the change of a photoreactive 
because of their hydrophobic nature while the film is being hyaluronic acid derivative in a solution at a specified con- 
dehydrated or water is evaporating during the film forma- centration on irradiation with ultraviolet rays is shown. The 
tion. It has been accepted that thus formed situation serves 50 hydrophobic photoreactive crosslinking groups, being less 
in favor of photoreaction. For instance, in case that a subject to the interference of water molecules than in a 
photoreactive crosslinking group is a cinnamic acid residue, diluted solution, seem to attract each other by the hydro- 
when the distance between the mutual cinnamic acid resi- phobic bonding force to take a molecular arrangement ready 
dues is 4 A, the molecules can be dimerized, i.e., for crosslinking. Thus, the photoreactive crosslinking 
crosslinked, by irradiation with ultraviolet rays of specific 55 groups are dimerized by the irradiation while including the 
wavelength, but not at other intermolecular distance. aqueous medium, thereby accomplishing crosslinking. In 
Therefore, film formation that makes photoreactive order to secure improved photoreactivity in crosslinking in 
crosslinking groups closer to each other has been considered the solution at the specified concentration, it is particularly 
as an important step for achieving photoreaction. Further, preferable to use a photoreactive hyaluronic acid derivative 
trans-cinnamic acid can be dimerized by irradiation with 60 incorporated with a photoreactive crosslinking group con- 
ultraviolet rays under the above-described conditions, while taining the above-described spacer and having high flexibil- 
its geometrical isomer (i.e., cis-cinnamic acid) is inactive to ity. 

dimerization. When an aqueous solution of a conventional The photoreaction concentration mentioned above is 
photoreactive hyaluronic acid derivative is irradiated with dependent on the degree of substitution (DS) of the photo- 
ultraviolet rays, it has been considered that crosslinking may 65 reactive crosslinking group incorporated into hyaluronic 
be difficult because water molecules seem to prevent the acid. DS can be calculated based on the ratio (%) of 
mutual photoreactive crosslinking groups from getting introduction of the photoreactive crosslinking group per 
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constituent disaccharidc unit of hyaluronic acid. For 
example, DS of a photoreactive hyaluronic acid derivative 
having one photoreactive crosslinking group per constituent 
disaccharide unit or per constituent 200 saccharide units is 
100% or 1%, respectively. Under the same irradiation con- 
ditions with light, the lower the DS is, the lower the ratio of 
crosslinking is. 

In the present invention, DS of the photoreactive hyalu- 
ronic acid derivative for achieving crosslinking at the speci- 
fied photoreaction concentration mentioned above may be 
about from 0.05 to 10%, preferably about from 03 to 5%, 
and more preferably about from 0.5 to 3% in the case of a 
hyaluronic acid having a molecular weight of 500,000 or 
more, while varying according to the molecular weight of 
the starting hyaluronic acid. 

The aqueous medium as a solvent of the photoreactive 
hyaluronic acid derivative solution to be irradiated with light 
includes water, a buffer, physiological saline, buffered physi- 
ological saline and the like. For biomedical material use, a 
buffer, physiological saline, and buffered physiological 
saline (e.g., phosphate-buffered physiological saline (PBS) 
and the like) are particularly preferred. When an aqueous 
medium other than water is used, the kind of the medium and 
the concentration of the solute can be used to finely control 
the physical properties of the resulting gel of the present 
invention and are selected appropriately depending on the 
use purpose. 

The photoreactive hyaluronic acid derivative solution is 
usually prepared by dissolving a photoreactive hyaluronic 
acid derivative once separated and purified from the syn- 
thetic reaction system in an aqueous medium. As for the 
photoreactive hyaluronic acid derivative solution, it is pos- 
sible in some cases to use a photoreactive hyaluronic acid 
derivative in the synthetic reaction system as it is or as its 
concentrated state. 

When DS of the photoreactive hyaluronic acid derivative 
is fixed, the proportion of cyclobutane ring formation, i.e., 
crosslinking ratio, is apt to change with variation in the 
ranges of the photoreaction concentration mentioned above, 
and the physical properties of the resulting gel vary accord- 
ingly. With an increase in photoreaction concentration, the 
crosslinking ratio seems to increase, and the elasticity nature 
of the gel increases as verified by measurement of visco- 
elasticity of the photocured crosslinked-hyaluronic acid gel. 
With an increase in crosslinking ratio, the network structure 
becomes denser. The proportion of the cyclobutane ring in 
the photocured crosslinked-hyaluronic acid gel can be 
defined as a crosslinking extent which is a product of DS and 
a crosslinking ratio and expressed in terms of molar ratio 
(%) of dimers per constituent disaccharide unit of hyaluronic 
acid. A preferred crosslinking extent Is in the ranges from 
0.01 to 0.5% per mole of a constituent disaccharide unit of 
hyaluronic acid. 

The water absorption of a dried photocured crosslinked- 
hyaluronic acid gel (hereinafter simply referred to a "dried 
gel") is influenced by the degree of crosslinking, and thus 
becomes a measure of the degree of the crosslinking. The 
water absorption is expressed by the following formula: 



Water absorption ( 
gelxlOO 



-Weight of absorbed water/weight of dried 



As the degree of crosslinking, i.e., the crosslinking ratio, 
increases, the network structure becomes denser, and the 
uptake of water decreases, resulting in a reduced water 
absorption of the dried gel. The water absorption of the dried 
gel of the present invention is usually about from 20 
(xl00%) to 150 (xl00%), preferably from 30 (xl00%) to 
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120 (xl00%), more preferably from 40 (xl00%) to 100 
(xl00%), when that of the dried gel is measured after 
24-hour immersion in physiological saline (0.9% sodium 
chloride aqueous solution) as an aqueous medium. 

The gel of the present invention may be a gel containing 
from 0.5 to 10% by weight, in terms of hyaluronic acid 
content, of the photocured crosslinked-hyaluronic acid 
derivative. In particular, a photocured crosslinked- 
hyaluronic acid gel prepared from a photoreactive hyalu- 
ronic acid derivative having a weight average molecular 
weight of about 1,000,000 preferably has a hyaluronic acid 
content of from 1 to 4% by weight in the gel. 

The physical properties of the gel by viscoelasticity can 
be expressed by dynamic viscoelastic characteristics such as 
storage modulus (C), loss modulus (G"), tangent delta (tan 
6; G"/G') and the like. A high storage modulus and a low loss 
modulus indicate high elasticity, meaning a hard gel. 
Reversely, a high loss modulus and a low storage modulus 
mean a gel with high viscosity. 

The gel of the present invention shows the physical 
properties with ranges of a storage modulus (G') of from 50 
to 1500 Pa, preferably from 100 to 500 Pa; a loss modulus 
(G ,( ) of from 10 to 300 Pa, preferably from 50 to 150 Pa; and 
a tangent delta (tan 5; G"/G') of from 0.1 to 0.8, preferably 
from 0.2 to 0.5, in dynamic viscoelasticity at a frequency of 
10 Hz. 

In irradiation with light, i.e., ultraviolet rays, kind of 
ultraviolet rays, are not particularly limited. Irradiation with 
light or ultraviolet rays is usually carried out for from several 
seconds to several minutes by using a light source providing 
light containing wavelengths necessary for photoreaction, 
i.e., from 200 to 450 nm (for example, a high pressure 
mercury lamp, a metal halide lamp or the like) while cutting 
short wavelengths undesired for dimerization with an ultra- 
violet rays cut filter or the like (e.g., Pyrex glass (trade name) 
or the like). The manner of irradiation is not particularly 
limited and various ones are selected appropriately accord- 
ing to the purpose. For example, the photoreactive hyalu- 
ronic acid derivative solution is charged in a container to be 
supplied as a final commercial product of the gel of the 
present invention and irradiated as hereinafter described; the 
said solution is held in between a pair of belt conveyors 
made of sheets of a ultraviolet ray-transmitting material and 
irradiated while being moved; or the photoreactive hyalu- 
ronic acid solution is fed through inside of a tube made of 
an ultraviolet ray-transmitting material and irradiated with 
ultraviolet rays while being fed. 

In the process of preparation of the gel of the present 
invention, the gel that satisfies the above-described vis- 
coelasticity requirements can be obtained even when the 
photoreactive hyaluronic acid derivative solution is sub- 
jected to a heat treatment before and/or after the irradiation 
with ultraviolet rays with high pressure steam of from 100 
to 125° C. for from 5 to 30 minutes (autoclaving). These heat 
treatments can be corresponded to sterilization process 
required for medical devices or medicines. 

The conditions of the photoreactive hyaluronic acid 
derivative solution to be irradiated with ultraviolet rays and 
the material and shape of the container for receiving it for a 
photoreaction and of the ultraviolet ray-receiving part are 
not particularly limited provided that the ultraviolet rays can 
be transmitted therethrough. For example, they can be 
layer-like, tube-like, syringe-like, vial-like or the like. Tak- 
ing uniformity of crosslinking reaction into consideration, 
the shape should be such that ultraviolet rays transmit 
uniformly and sufficiently therethrough. Irradiation with 
ultraviolet rays to a solution layer shaped into a thin layer is 
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particularly suitable for obtaining a uniformly crosslinkcd 
gel. The container for a photoreaction may have a shape that 
can hold the solution of the photoreactive hyaluronic acid 
derivative and the resulting gel of the present invention in a 
photoreaction system and does not always need to be a 
closed container. For example, the container may be a 
simple plate shape. 

Where the gel of the present invention is used as a 
biomedical material such as an antiadhesive material, the 
container for preservation of the gel of the present invention 
preferably may have a shape with which the resulting gel of 
the present invention can be preserved sterilely until its use 
and from which the gel can be taken out properly on its use. 
Such a preservation container may be also used for a 
container for a photoreaction. Examples of such a container 
in which the gel can be preserved sterilely until its use and 
from which the gel can easily be applied to an administration 
object or site (when the gel is used as an antiadhesive 
material, the object or site is an affected part which should 
be protected from adhesions) include containers such as a 
syringe, a tube and the like. Furthermore, examples of such 
a container in which the gel can be easily taken out and 
applied include containers such as a vial and the like. 

When the photoreactive hyaluronic acid derivative is 
charged in the container, and the charged photoreactive 
hyaluronic acid derivative is irradiated with ultraviolet rays 
to undergo photoreaction as mentioned above, the container 
material must be selected from such a material that transmits 
ultraviolet rays and undergoes no degradation by ultraviolet 
rays. Further, in the case where the gel of the present 
invention is intended to be applied to human body as a 
biomedical material, the gel after photoreaction may be 
preferably sterilized by, for example, high pressure steam 
(autoclaving). When the photocured crosslinked gel as 
charged in the container is sterilized by autoclaved 
sterilization, the container material may be preferably made 
of glass, plastics or the like having heal resistance to some 
extent. The amount of the gel to be charged in said container 
is not particularly limited; however, it is, for example, about 
from 0.5 to 500 ml based on the operational and economical 
considerations and the like. 

It is possible that the hydrogel obtained by light irradia- 
tion as described above may be dehydrated by, for example, 
drying or the like and then swollen by addition of a desired 
amount of an aqueous medium to provide the gel having the 
above-described physical properties of the present inven- 
tion. In this case, the drying is preferably performed by a 
method that gives no adverse influence on the hyaluronic 
acid saccharide chain and the crosslinked structure. 

It is also possible to store or transport the photocured 
crosslinked-hyaluronic acid gel in the form of such a dried 
solid gel as mentioned above, and to use as re-swollen state 
with an appropriate aqueous medium immediately before 
use. 

The gel of the present invention is of great use as a 
biomedical material. The high inherent biocompatibility of 
hyaluronic acid combined with the newly added character- 
istics through crosslinking such as a prolonged duration in 
the living body (improvement in rcmainability) and 
improved physicochemical properties such as viscoelasticity 
and the like suitable for use as a biomedical material make 
the gel of the present invention be much suited for use in the 
medical field. 

Since the gel of the present invention comprises harmless 
and non-toxic aqueous medium for the most part, it does not 
exhibit toxicity to the living bodies and has high safety for 
the living bodies. 
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More specifically, a single dose administration of 100 
ml/kg intrapcritoncally (corresponding to 2000 mg of hyalu- 
ronic acid per kg) of the gel of the present invention to rats 
brought about no death and no serious disorder that were 
attributed to the gel. 

Furthermore, an antigenicity test was carried out to exam- 
ine active anaphylaxis, in which guinea pigs were intraperi- 
toneally sensitized with 20 mg or 2 mg of the gel of the 
present invention, and then 40 mg of the gel was again 
intraperitoneally administered. As a result, no anaphylactic 
reaction was induced. 

When the gel of the present invention is used as a 
biomedical material, e.g., an antiadhesive material, it is 
considered that the increased elasticity of the gel brings 
about improvement in barrier effect between tissues and 
remainability in the body, while the increased viscosity 
achieves improvement in stickiness to the tissue and inject- 
ability into an affected part. Therefore, it is preferably 
desirable for the gel for such use to have well-balanced 
elasticity and viscosity. If G' exceeds 1500 or the tangent 
delta is less than 0.1, the gel becomes highly elastic gel, 
so-called hard and brittle gel, and it becomes difficult for the 
gel to inject into an affected part. On the other hand, if G' is 
less than 50 or the tangent delta exceeds 0.8, the gel becomes 
highly viscous gel behaving like a solution, failing to 
provide desirable hardness, and a barrier effect required for 
antiadhesive effect is lost. That is, the gel of the present 
invention is regarded to have the most suitable physico- 
chemical properties as an antiadhesive material. 

An adhesion of organs, for example, which often occurs 
after operation is undesirable from the clinical standpoint, 
and development of an effective antiadhesive material has 
been desired from these standpoints. Desirable characteris- 
tics for an antiadhesive material is as follows: the material 
is (1) to have a barrier effect between organs which are liable 
to suffer an adhesion, (2) to have covering properties over a 
wounded part, (3) not to delay healing of a wound, (4) to be 
remained in the body during a healing period and preferably 
be degraded and absorbed within the body after healing, (5) 
to be harmless, non-toxic, biocompatible and the like. 

The photocured crosslinked-hyaluronic acid gel of the 
present invention which is obtained by photocured 
crosslinking and has excellent biocompatibility and safety 
satisfies all these requirements described above. The barrier 
effect, which is of special importance, is secured by the 
physicochemical properties of the crosslinked gel, and the 
remainability in the body is achieved by the formation of a 
photocured crosslinked network structure. 

The amorphousness of the gel, for example, allows the gel 
to be injected through an injection nozzle or needle, that is, 
charged into a syringe, and injected into a fine affected part 
(e.g., wounded part and the like). In this connection, the gel 
of the present invention is characterized by having far higher 
elasticity than that of a hyaluronic acid solution but having 
hardness showing such softness to pass through the needle 
of a syringe. The gel can also be injected to an affected part 
through a small-diameter tube (injection nozzle) and is 
expected to be applied to laparoscopic microsurgery and the 
like. 

In brief, the antiadhesive material comprising the gel of 
the present invention as described above is characterized as 
follows: 

(1) having excellent antiadhesive effect; 

(2) being a hydrogel having physical properties allowing 
injection to an affected part; 

(3) exhibiting high stickiness to tissues and also excellent 
stickiness to tissues when injected or applied, thereby 
remaining at the affected part for a period necessary for 
antiadhesion; 
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(4) having no need of removal and also being absorbable 
from the objective site of application such as the abdomi- 
nal cavity and the like, metabolized and excreted; and 

(5) having safety: no problem in safety was observed in any 
animal tests of a single dose toxicity test, a repeated dose 5 
toxicity test and an antigenicity test. 

Applicable fields when the gel of the present invention is 
used as an antiadhesive material are exemplified as follows. 

(1) Obstetrics and Gynecology Field 

Antiadhesions for adhesions accompanying intrapelvic 10 
operation for the treatment of acyesis, uterus operation, tubal 
operation, ovarian operation, endometriosis treatment 
operation, cesarean section, intrapelvic adhesiotomy or the 
like. 

(2) Gastrointestinal Operation Field 15 
Antiadhesions for adhesions accompanying intestine 

adhesion after abdominal operation or the like, 

(3) Orthopedics Field 

Antiadhesions for adhesions accompanying operation on 
Achilles tendon, operation on flexor muscles and tendons, 20 
arthroplasty, laminectomy or the like. 

Applications of the gel of the present invention to the 
medical field as a biomedical material other than an antiad- 
hesive material described above are shown below. 

(1) Adjuvants for ophthalmologic operation. For example, 25 
the gel is injected into the anterior chamber in operations 
such as intraocular lens insertion, total corneal transplan- 
tation or the like, or the gel is used for maintenance of the 
intraocular pressure in retinal detachment and the like or 
for replenishment of the vitreous body. 30 

(2) Joint function improving agents. For example, the gel is 
injected to articular cavity for the purpose of abatement of 
pain, improvement on joint mobile range, normalization 
of morbid synovial fluid and the like in the treatment of 
arthritis such as arthritis deformans in a knee joint, 35 
periarthritis in a shoulder joint or the like. 

(4) Defect prostheses in plastic surgery field. 

(5) Dressings for bedsores or burns. 

(6) Materials or preparations for sustained release of a drug. 
For the use as an antiadhesive material of the gel of the 40 

present invention, the amount of the gel to be applied to an 
affected part cannot be specified because it varies depending 
on the type (e.g., the kind of the organ and the like), size or 
conditions of the site of application and the purpose of 
application. It is usually about from 0.5 to 500 ml/site, 45 
preferably about from 1 to 100 ml/site, more preferably 
about from 2 to 50 ml/site. 

The photocured crosslinked-hyaluronic acid gel of the 
present invention has a three-dimensional network structure. 
Incorporation of a drug into the network will provide a 50 
useful preparation for sustained release of the drug. Drug 
incorporation into the gel can be effected by immersing a 
dried gel in a solution containing a drug. Also, since the 
photocured crosslinked gel needs no purification after the 
crosslinking, a drug may previously be added to a solution 55 
of the photoreactive hyaluronic acid derivative to be irradi- 
ated. Either methods described above may be used. 

Furthermore, a drug can be chemically bound to the 
photoreactive hyaluronic acid derivative through a chemical 
bonding (a covalent bonding, an ionic bonding and the like) 60 
and then may be subjected to photoreaction to be 
crosslinked. For example, when a drug is introduced by a 
covalent bonding, the drug and the carboxyl or hydroxyl 
group of a photoreactive hyaluronic acid derivative may be 
combined via an amide or ester bond, and then be subjected 65 
to irradiation with ultraviolet rays. Also, when a drug is 
introduced by an ionic bonding, a cationic drug capable of 
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binding to a carboxyl group of hyaluronic acid via an ionic 
binding may be mixed with photoreactive hyaluronic acid, 
and then be subjected to irradiation with ultraviolet rays. 
Moreover, a photoreactive hyaluronic acid derivative con- 
taining a photoreactive crosslinking group to which a drug 
is linked may be subjected to photoreaction for crosslinking. 

EXAMPLE 

The present invention will now be illustrated in greater 
detail with reference to Preparation Examples, Examples, 
and Test Examples, but it should be understood that the 
present invention is not deemed to be limited thereto. 

Preparation Example 1 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 0.53%) 

In 1.5 1 of water was dissolved 10 g (25 mmol disaccha- 
ride unit) of sodium hyaluronate (a product of Seikagaku 
Corporation; weight average molecular weight (Mw): 950, 
000), and 750 ml of 1,4-dioxane was added to the solution. 
To the solution were added successively 50 ml of a dioxane 
solution containing 288 mg (2.5 mmol) of 
N-hydroxysuccinimide, 50 ml of an aqueous solution con- 
taining 1240 mg (1,25 mmol) of EDC.HC1, and 50 ml of an 
aqueous solution containing 355 mg (1.25 mmol) of 
HCl.H 2 N(CH 2 ) 6 OCOCH=CHPh at 5-minute intervals 
while cooling with ice. After stirring the mixture at room 
temperature for 8 hours, an aqueous solution of 10 g of a 
sodium chloride was added thereto, followed by stirring for 
1 hour. The resulting solution was poured into 5 1 of ethanol. 
The desired precipitate thus formed was collected by cen- 
trifugation (4000 rpmxl5 min), washed successively with 3 
portions of 80% ethanol and a single portion of ethanol, and 
dried to give 9.73 g of a photoreactive hyaluronic acid 
derivative as a white solid (DS: 0.53%; endotoxin: 0.8 
pg/mg). 

The endotoxin in this Preparation Example and the fol- 
lowing Preparation Examples and Examples was determined 
by using Toxicol or System LS-20 set, DIA set and Et-1 set, 
all available from Seikagaku Corporation (trademark; here- 
inafter the same). 

The endotoxin content of the photocured crosslinked- 
hyaluronic acid gel was determined by the above-described 
method after the photocured crosslinked-hyaluronic acid gel 
described in Examples is solubilized by enzyme (e.g., chon- 
droitinase ABC, a product of Seikagaku Corporation and the 
like) digestion. 

In the endotoxin content, one endotoxin unit (EU) corre- 
sponds to 345 pg of endotoxin. 

Preparation Example 2 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 0.75%) 
This was prepared in the same manner as in Preparation 
Example 1 using 10 g (25 mmol disaccharide unit) of 
sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 65 ml of a 0.05 M solution of 
N-hydroxysuccinimide (3.25 mmol) in dioxane, 65 ml of a 
0.025 M aqueous solution of EDC.HC1 (1.625 mmol), and 
65 ml of a 0.025 M aqueous solution of HC1.H 2 N(CH 2 ) 
6 0C0CH=CHPh (1.625 mmol). The obtained photo- 
reactive hyaluronic acid derivative was 9,74 g as a white 
solid (DS: 0.75%; endotoxin: 2.5 pg/mg). 

Preparation Example 3 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 0.90%) 

This was prepared in the same manner as in Preparation 
Example 1 using 2.0 g (5.0 mmol disaccharide unit) of 
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sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 3 ml of an aqueous solution containing 69 
mg (0.6 mmol) of N-hydroxysuccinimide, 3 ml of an aque- 
ous solution containing 58 mg (0.3 mmol) of EDC.HC1, and 
3 ml of an aqueous solution containing 85 mg (0.3 mmol) of 5 
HCl.H 2 N(CH 2 ) 6 OCOCH=CHPh. The obtained photoreac- 
tive hyaluronic acid derivative was 2.1 g as a white solid 
(DS: 0.90%; endotoxin: 2.4 pg/mg). 

Preparation Example 4 10 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 1.06%) 

This was prepared in the same manner as in Preparation 
Example 1 using 10 g (25 mmol disaccharide unit) of 15 
sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 100 ml of a 0.05 M solution of 
N-hydroxysuccinimide (5.0 mmol) in dioxane, 100 ml of a 
0.025 M aqueous solution of EDC.HC1 (2.5 mmol), and 100 
ml of a 0.025 M aqueous solution of HC1.H 2 N(CH 2 ) 20 
e OCOCII=CHPh (2.5 mmol). The obtained photoreactive 
hyaluronic acid derivative was 9.64 g as a white solid (DS: 
1.06%; endotoxin: 3.2 pg/mg). 
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Preparation Example 5 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 1.26%) 

This was prepared in the same manner as in Preparation 
Example 1 using 5 g (12.5 mmol disaccharide unit) of 30 
sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 50 ml of a solution of 288 mg (2.5 mmol) of 
N-hydroxy-succinimide in dioxane, 50 ml of an aqueous 
solution of 240 mg (1.25 mmol) of EDC.HC1, and 50 ml of 
an aqueous solution of 355 mg (1.25 mmol) of HC1,H 2 N 35 
(CH 2 ) 6 0C0CH=CHPh. The obtained photoreactive hyalu- 
ronic acid derivative was 4.9 g as a white solid (DS: 1 .26%; 
endotoxin: 1.0 pg/mg). 

Preparation Example 6 4Q 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 1.29%) 

This was prepared in the same manner as Preparation 
Example 1 using 10 g (25 mmol disaccharide unit) of 45 
sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 50 ml of a 0.1 M solution of 
N-hydroxysuccinimide (5.0 mmol) in dioxane, 50 ml of a 
0.05 M aqueous solution of EDC.HC1 (2.5 mmol), and 50 ml 
of a 0.05 M aqueous solution of HC1.H 2 N(CH 2 ) 50 
6 OCOCH=CHPh (2.5 mmol). The obtained photoreactive 
hyaluronic acid derivative was 10.0 g as a white solid (DS: 
1.29%; endotoxin: 2.5 pg/mg). 

Preparation Example 7 

Preparation of Photoreactive Hyaluronic Acid Derivative 
(DS 1.55%) 

This was prepared in the same manner as Preparation 
Example 1 using 10 g (25 mmol disaccharide unit) of 
sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 150 ml of a 0.05 M solution of 
N-hydroxysuccinimide (7.5 mmol) in dioxane, 150 ml of a 
0.025 M aqueous solution of EDC.HC1 (3.75 mmol), and 
150 ml of a 0.025 M aqueous solution of HC1.H 2 N(CH 2 ) 
6 OCOCH=CHPh (3.75 mmol). The obtained photoreactive 
hyaluronic acid derivative was 9.92 g as a white solid (DS: 
1.55%; endotoxin: 1.2 pg/mg). 



55 



60 



18 

Preparation Example 8 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 1.93%) 

In 600 ml of water was dissolved 4.0 g (10.0 mmol 
disaccharide unit) of sodium hyaluronate (a product of 
Seikagaku Corporation; Mw: 950,000), and 300 ml of 
1,4-dioxane was added to the solution. To the solution were 
added successively 10 ml of an aqueous solution containing 
230 mg (2.0 mmol) of N-hydroxysuccinimide, 10 ml of an 
aqueous solution containing 192 mg (1.0 mmol) of 
EDC.HC1, and 10 ml of an aqueous solution containing 284 
mg (1.0 mmol) of HCLH 2 N(CH 2 ) 6 0C0CH=CHPh at 
5 -minute intervals while cooling with ice. After stirring the 
mixture at room temperature for 24 hours, an aqueous 
solution of 2.0 g of a sodium chloride was added thereto, 
followed by stirring. The resulting solution was poured into 
3.0 1 of ethanol. The desired precipitate thus formed was 
collected by centrifugation (4000 rpmxl5 min), washed 
successively three times with 80% ethanol and once with 
ethanol, and dried to give 4.1 g of a photoreactive hyaluronic 
acid derivative as a white solid (DS: 1.93%; endotoxin: 2.1 
Pg/mg). 

Preparation Example 9 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 2.87%) 

This was prepared in the same manner as in Preparation 
Example 1 using 10 g (25 mmol disaccharide unit) of 
sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 50 ml of a solution of 864 mg (7.5 mmol) of 
N-hydroxy-succinimide in dioxane, 50 ml of an aqueous 
solution of 718 mg (3.75 mmol) of EDC.HC1, and 50 ml of 
an aqueous solution of 1.06 g (3.75 mmol) of HC1.H 2 N 
(CH 2 ) 6 OCOCH=CHPh. The obtained photoreactive hyalu- 
ronic acid derivative was 10 g as a white solid (DS: 2.87%; 
endotoxin: 2.8 pg/mg). 

Preparation Example 10 

Preparation of Photoreactive Hyaluronic Acid 
Derivative (DS 2.28%) 

This was prepared in the same manner as in Preparation 
Example 1 using 50 g (125 mmol disaccharide unit) of 
sodium hyaluronate (a product of Seikagaku Corporation; 
Mw: 950,000), 250 ml of an aqueous solution of 3,45 g (30 
mmol) of N-hydroxysuccinimide, 250 ml of an aqueous 
solution of 2.88 g (15 mmol) of EDC.HC1, and 250 ml of an 
aqueous solution of 15 mmol of HC1.H 2 N(CH 2 ) 
6 OCOCH==CHPh. The obtained photoreactive hyaluronic 
acid derivative was 49 g as a white solid (DS: 2.28%; 
endotoxin: 3.2 pg/mg). 

Example 1 

This Example relates to a photocured crosslinked- 
hyaluronic acid gel that was obtained by photocured 
crosslinking of the photoreactive hyaluronic acid derivative 
obtained in Preparation Example 6 in an aqueous solution, 
followed by displacement of the medium with 1.5 mM 
phosphate buffered physiological saline (pH 7.4). 

A 1.4 wt % aqueous solution of the photoreactive hyalu- 
ronic acid derivative (DS: 1.29%) obtained in Preparation 
Example 6 was held between a pair of Pyrex glass plates 
each having a thickness of 2.5 mm spaced at 1.0 mm, 
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irradiated with ultraviolet rays (3 KW metal halide lamp) for the photocured crosslinked-hyaluronic acid gels having DS 

4 minutes from each side (8 minutes in total), and then dried of 1.55% and 2.87% in Example 3. 

at 45° C. To the resulting dried gel was added 1.5 mM _ . , . 

phosphate buffered physiological saline (pH 7.4) adjusting a . I hc P h « tocured crosslinked-hyaluronic acid gels obtained 

concentration to 2 wt %. Then the dried gel was swollen for 5 in Example 3 from the photoreachve hyaluronic acid deriva- 

1 day to obtain a photocured crosslinked-hyaluronic acid gel Uves havin S DS of 1 * 55% and 2K1% were each charged in 

(endotoxin: 0,11 EU/g). a ^ m ^ am P u l e and subjected to heat treatment by auto- 

claving at 121° C. for 8 minutes. 

Example 2 Measurement of Physical Properties 

This Example relates to photocured crosslinked- io ^ dynamic viscoelasticity (storage modulus G\ loss 

hyaluronic acid gels that were obtained by photocured modulus G", tangent delta tan 6 (G7G')), dynamic viscosity 

crosslinking of the photoreactive hyaluronic acid derivatives ( } and water absorption of solutions of the photoreactive 

obtained in Preparation Examples 1,4, and 7 in a 1.4 wt % hyaluronic acid derivatives obtained in Preparation 

solution in 1.5 mM phosphate buffered physiological saline ^ Examples ly 4> 5 and 7 having a prep aration concentration 

W ' '* (solution concentration: as hyaluronic acid concentration) of 

A 1.4 wt % solution of each of the photoreactive hyalu- l A wt %> 2 .0 wt % or 3.2 wt %, the photocured crosslinked- 

ronic acid derivatives obtained in Preparation Examples 1, 4, hyaluronic acid gels prepared in Examples 2 to 4 having a 

and 7 (DS: 0,53%, 1,06% and 1.55%, respectively) in 1.5 preparation concentration of 1.4 wt %, 2.0 wt % or 3.2 wt % 

mM phosphate buffered physiological saline (pH 7.4) was and the heat-treated photocured crosslinked-hyaluronic acid 

held between a pair of Pyrex glass plates each having a gels prepared m Example 5 were measured. The physical 

thickness of 2.5 mm spaced at 1.0 mm, irradiated with properties of hyaluronic acid solution prepared so that the 

ultraviolet rays (3 KW metal halide lamp) for 4 minutes preparation concentration became the same as that of the 

from each side (8 minutes in total) to obtain a photocured above-mentioned photocured crosslinked-hyaluronic acid 

crosslinked-hyaluronic acid gel. g e ] were measured as described above. The measurement of 

The endotoxin content was 0.03, 0.12 and 0.05 EU/g in the dynamic viscoelasticity and dynamic viscosity was made 

the gels having DS of 0.53%, 1.06% and 1.55%, respec- with a rheometer Model CSL-50 manufactured by Carri- 

tively. Med under the following conditions. 

Example 3 Method of measurement: oscillation test method, stress 

30 control 

This Example relates to photocured crosslinked- . 

hyaluronic acid gels that were obtained by photocured Measuring temperature: 37 C. 

crosslinking of the photoreactive hyaluronic acid derivatives Measuring geometry: 4 cm 

obtained in Preparation Examples 1 to 9 in a 2.0 wt % Gap: 800 /<m 

solution in 1.5 mM phosphate buffered physiological saline 35 Frequency: 10 Hz 

(pH 7.4). The water absorption was calculated by an ultraviolet 

A 2.0 wt % solution of each of the photoreactive hyalu- absorbance method using Blue Dextran (hereinafter abbre- 

ronic acid derivatives obtained in Preparation Examples 1 to viated as "B.D.") disclosed in EP 0205674 Al as follows. 

9 (DS: 0.53%, 0.75%, 0.90%, 1.06%, 1.26%, 1.29%, 1.55%, Physiological saline (0.9% sodium chloride aqueous 

1.93%, and 2.87%, respectively) in 1.5 mM phosphate 40 solution) was used as an aqueous medium, 

buffered physiological saline (pH 7,4) was held between a When a dried gel is put in a B.D. solution, the gel absorbs 

pair of Pyrex glass plates each having a thickness of 2,5 mm only water because B.D. having a high molecular weight 

spaced at 1.0 mm, irradiated with ultraviolet rays (3 KW cannot enter the gel. Correspondingly, the concentration of 

metal halide lamp) for 4 minutes from each side (8 minutes the B.D. solution remaining unabsorbed is increased over 

in total) to obtain a photocured crosslinked-hyaluronic acid 45 the initial one depending on water absorbed. This difference 

gel. in concentration is obtained from absorbances (610 nm), and 

the water absorption can then be calculated according to 
Exam P le 4 equation: 
This Example relates to photocured crosslinked- 
hyaluronic acid gels that were obtained by photocured 5 o Water absoiptton (xioo%)-(i-yiyy2)A4xiooo 
crosslinking of the photoreactive hyaluronic acid derivatives 

obtained in Preparation Examples 1, 4, and 7 in a 3,2 wt % w ^rein yl is the absorbance at the initial concentration of 

solution in 1.5 mM phosphate buffered physiological saline A mg of a dried gel per gram of a 0.1 wt % B.D. solution; 

(p H 7 4) and y 2 is the absorbance after 24- hour swelling in the B.D. 

A 3.2 wt % solution of each of the photoreactive hyalu- 55 solution - 

ronic acid derivatives obtained in Preparation Examples 1, 4, Further, the water absorption was examined on the dried 

and 7 (DS: 0.53%, 1.06%, and 1.55%, respectively) in 1.5 samples of the photocured crosslinked-hyaluronic acid gels 

mM phosphate buffered physiological saline (pH 7.4) was prepared in Example 3 from the photoreactive hyaluronic 

held between a pair of Pyrex glass plates each having a acid derivatives having DS of 0.53%, 0.75%, 0.90%, 1.26%, 

thickness of 2.5 mm spaced at 1.0 mm, irradiated with 60 155% and 193%. 

ultraviolet rays (3 KW metal halide lamp) for 4 minutes Some of the results of the measurement of dynamic 

from each side (8 minutes in total) to obtain a photocured viscoelasticity and the like are shown in Table 1, and the 

crosslinked-hyaluronic acid gel. relationship between DS and water absorption is shown in 

FIG. 2. In Table 1, the found concentrations of the samples 

Example 5 65 unc j er analysis were obtained by determining the hyaluronic 

This Example relates to photocured crosslinked- acid component content of the gel according to a carbazole- 

hyaluronic acid gels that were obtained by heat treatment of sulfuric acid reaction method. 
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TABLE 1 



Concen- Concen- 
tration t rat ion 

Example DS (prepared) (found) 

No. (%) (%) (%) 



Frequency: 10 Hz 

Heat G" G" t) 

Treatment (Pa) (Pa) land (Pa • s) 



2 


0.53 


1.4 


1.22 




66 


41 


0.63 


0.7 




1.06 


1.4 


1.37 




146 


65 


0.45 


1.0 




1.55 


1.4 


1.24 




149 


64 


0.43 


1.0 


Hyaluronic 


acid 


1.4 


1.38 




46 


44 


0.97 


0.7 


3 


0.53 


2.0 


1.96 




146 


78 


0.53 


1.2 




1.06 


2.0 


1.81 




339 


109 


0.32 


1.7 




1.26 


2.0 


1,70 




273 


96 


0.35 


1.5 




1.55 


2.0 


2.04 




342 


105 


0.31 


1.7 




2.87 


2.0 


1.62 




427 


103 


0.24 


1.7 


Hyaluronic 


acid 


2.0 


2.00 




241 


102 


0.42 


1.6 


4 


0.53 


3.2 


2.63 




550 


216 


0.39 


3.4 




1.06 


3.2 


2.77 




818 


223 


0.27 


3.5 




1.55 


3.2 


2.78 




1002 


248 


0.25 


3.9 


Hyaluronic 


acid 


3.2 


3.35 




560 


304 


0.54 


4.8 


5 


1.55 


2.0 


2.04 


121° C, 8 min 


173 


86 


0.50 


1.4 




2.87 


2.0 


1.62 


121° G, 8 min 


310 


101 


0.32 


1.6 


Hyaluronic 


acid 


3.2 


3.02 


121° C, 8 min 


407 


281 


0.69 


4.5 



Example 6 ^ 

This Example relates to photocured crosslinked- 
hyaluronic acid gels that were obtained by irradiation with 
ultraviolet rays under different conditions and heat treatment 
of a 2.0 wt % solution of each of the photoreactive hyalu- 
ronic acid derivative obtained in Preparation Example 10 in 30 
1.5 mM phosphate buffered physiological saline (pH 7.4). 

The photoreactive hyaluronic acid derivative having DS 
of 2.28% which was prepared in Preparation Example 10 
was dissolved in 1.5 mM phosphate buffered physiological 35 
saline (pH 7.4) in a 2.0 wt % solution. The resulting solution 
was irradiated with ultraviolet rays in accordance with the 
following three methods. Before and/or after the irradiation 
with ultraviolet rays, the solution (or gel) was subjected to 
a heat treatment under the following conditions. The 4Q 
crosslinking ratio, crosslinking extent, and viscoelasticity 
characteristics of the resulting gels were measured. 
Conditions of Irradiation with Ultraviolet Rays (UV 
Irradiation) 

(1) The same method as in Examples 2 to 4. The aqueous 45 
solution of the photoreactive hyaluronic acid derivatives 
was held between a pair of Pyrex glass plates each having 

a thickness of 2.5 mm spaced at 1.0 mm and irradiated 
with ultraviolet rays of a 3 KW metal halide lamp for 4 
minutes from each side (8 minutes in total). 50 

(2) The solution was held between a pair of polyethylene 
films and irradiated with ultraviolet rays of a 400 W high 
pressure mercury lamp for 3 seconds from one side. 

(3) The solution was irradiated using a 400 W high pressure 
mercury lamp while being fed through a quartz-made tube 
with 5 mm in diameter. 



Conditions of Heat Treatment (Autoclaving Method) 

A: After UV irradiation; 121° C, 8 min 

B: Before UV irradiation; 121° C„ 8 min 

C: Before UV irradiation; 121° C, 8 min and then after UV 

irradiation; 100° C, 10 min 
D: After UV irradiation; 121° C, 15 min 

The results of the measurements are shown in Table 2 
below. 

Wherein the crosslinking ratio was calculated from the 
following equation. 

Crosslinking ratio (%)-Number of moles of dimertzed cinnamic 
acidx2/number of moles of introduced cinnamic acidxlOO 

More specifically, cinnamic acid or its dimer was chemi- 
cally cleaved and extracted from a photocured crosslinked- 
hyaluronic acid gel. Taking advantage of the difference in 
molecular weight between cinnamic acid and its dimer, the 
extract was separated into cinnamic acid and its dimer by 
gel-permeation chromatography (GPC), and each compo- 
nent was quantitatively determined to obtain the respective 
number of moles. Then, the crosslinking ratio was calculated 
based on the above equation. 

The crosslinking extent was obtained from the following 
equation. 

Crosslinking extent (%)-DSxCrosslinking ratio/100 

As is seen from the above equations, while the crosslink- 
ing ratio is a value based on the introduced cinnamic acid, 
the crosslinking extent (the product of the crosslinking ratio 
and DS) can be expressed as a molar ratio (%) of dimers per 
constituent disaccharide unit of hyaluronic acid. 



TABLE 2 



Ratio of 

Condition Condition Cross- Extent of Frequency: 10 Hz 



DS of Light of Heat linking Crosslinking G' G" r\ 
(%) Irradintion Treatment (%) (%) (Pa) (Pa) tanb (Pa • s) 



2.28 (1) A 4.1 9.4 xKT 2 161 68 0.42 1.1 

2.28 (2) A 1.9 4,4 x 10 -2 122 68 0.46 0.9 
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TABLE 2-continued 



Ratio of 

Condition Condition Cross- Extent of Frequency: 10 Hz 

DS of Light of Heat linking Crossl inking G 1 G" r| 

(%) Irradiation Treatment (%) (%) (Pa) (Pa) lan& (Pa * s) 



2.28 (3) B 2.5 

2.28 (3) C 2.5 

2.28 (2) D 1.9 



5.6 


X 


io- 2 


146 


68 


0.48 


1.1 


5.6 


X 


icr 2 


144 


68 


0.59 


1.3 


4.4 


X 


10" 2 


108 


68 


0.78 


1.3 



Test Example 1 
Antiadhesion Effect in Rat Uterine Horn Model 

This Test Example relates to the antiadhesion effect of the 
gels obtained in Examples 1, 3, 5 and 6 and, for comparison, 
the photoreactive hyaluronic acid derivative solutions before 
irradiation with ultraviolet rays as prepared in Examples 1 
and 3 (hereinafter referred to as "uncrosslinked-hyaluronic 
acid gel"), a commercially available antiadhesive material 
TC7 (Interceed (trade name), produced by Johnson & 
Johnson), and a 3.2 wt % solution of hyaluronic acid in 1.5 
mM phosphate buffered physiological saline in a rat uterine 
horn adhesion model. 

1 . Test Animal 

Seven-week-old Crj:SD (SPF.) female rats were pur- 
chased and fed for 1 week before testing. Each group 
consisted of 5 rats. 

2. Test Method 

2-1. Preparation of Rat Uterine Horn Adhesion Model 

The abdomen of the rat was shaved under anesthesia with 
Nembutal. A mid-line incision of approximately 4 cm in 
length was made. 

(a) The right abdominal wall was cut out to the muscular 
layer with a trephine for ophthalmological surgery, and 
the muscular layer were stripped with forceps. 

(b) The uterine horn was exposed, and 4 transverse incisions 
were made from about 1 cm down the ovary toward the 
cervix at 2 to 3 mm intervals. Hemostasis was carried out 
at any time for each cut by electric cauterization. 

(c) The site about 3 to 4 mm from the end of the transverse 
incisions on the uterine horn and the site 3 to 4 mm from 
the end of the defect in the abdominal wall were put 
together with a single 8/0 suture to make the traumas 
made in (a) and (b) above close. 

2-2. Administration 
Test Group 

Each 1 ml of the photocured crosslinked-hyaluronic acid 
gels, uncrosslinked-hyaluronic acid gels and the hyaluronic 
acid solution described above and the commercially avail- 
able TC7 having an area of 1 .5x1 .5 cm 2 were injected or 
inserted between the defect part in the abdominal wall and 
the incision part of the uterine horn. More specifically, the 
above gels were administered as follows. Each 1 ml gel 
described above that was weighed accurately was taken in a 
1 ml syringe (Terumo Syringe (trade name) for tuberculin; 
y-ray-sterilizcd, inner diameter of the tube: about 4 mm; 
inner diameter of the tip: about 1 mm) and injected through 
the tip of the syringe between the defect part in the abdomi- 
nal wall and the incision part in the uterine horn. 
Control Group 

The same operation was performed on the abdominal wall 
and the uterine horn on the left side of the same animal as 
that used for test group without insertion of materials. 

3. Evaluation 

Seven days after the implantation, the rats were sacrificed 
by exsanguination through the carotid artery under anesthe- 



sia with ethyl ether. After dissection, the site suffering an 
adhesion was evaluated in terms of the degree of adhesion 
15 according to the following scoring system. 

0 ... No adhesion. 

1 ... A slight and easily detachable adhesion. 

2 ... A medium and detachable adhesion. 

3 ... A serious and undetachable adhesion. 
20 4. Results 

The results of the test are shown in Table 3 below. In Table 
3, the conditions of irradiation with ultraviolet rays and the 
conditions of heat treatment are the same as those described 
in Example 6. 

25 

TABLE 3 



30 



35 



Exam- 




Condition 


Condition 


Antiadhesion Effect 


ple 


DS 


of Light 


of Heat 




Control 


No. 


(%) 


Irradiation 


Treatment 


'lest Group 


Group 


1 


1.29 


(1) 




0, 0, 0, 0, 0 


2, 2, 2, 2, 2 




1.29 


non- irradiated 




2, 2, 2, 2, 2 


2, 2, 2, 2, 2 


3 


1.06 


CD 




1, 1, 0, 0, 0 


2, 2, 2, 2, 2 


3 


1.26 






2, 0, 0, 0, 0 


2, 2, 2, 2, 2 




1.26 


non-irradiated 




2, 2, 2, 2, 0 


2, 2, 2, 2, 2 


3 


1.55 


(1) 




0, 0, 0, 0, 0 


2, 2, 2, 2, 2 


5 


1.55 


(1) 


A 


0, 0, 0, 0, 0 


2, 2, 2, 2, 2 


3 


2.87 


(1) 




0, 0 f 0, 0, 0 


2, 2, 2, 2, 2 


5 


2.87 


(1) 


A 


0, 0, 0, 0, 0 


2, 2, 2, 2, 2 


6 


2.28 


(2) 


A 


1, 0, 0, 0, 0 


2, 2, 2, 2, 2 


6 


2.28 


(3) 


D 


i, i, o, 0 


2, 2, 2, 2, 2 


Com- 












parison: 












TC7 








2, 2, 2, 2, 2 


2, 2, 2, 2, 2 


3.2% Hyal 


uronic 


acid solution 


A 


2, 2, 2, 2, 2 


2, 2, 2, 2, 2 



As can be seen from the results in Table 3, while the 
commercially available antiadhesive film TC7 was not 
entirely effective in this adhesion model, the photocured 
crosslinked-hyaluronic acid gel according to the present 
invention was proved to be sufficiently effective on antiad- 
hesions in this model. 

From the fact that no effect is drawn from the 
uncrosslinked gels or the 3.2% hyaluronic acid solution 
which had similar viscoelasticity and viscosity to those of 
the photocrosslinked gels, it may be thought that the anti- 
55 adhesive effect of the photocured crosslinked-hyaluronic 
acid gel of the present invention is manifested on photocured 
crosslinking. 

Test Example 2 

60 

This Test Example relates to the antiadhesive effect of the 
gel of the present invention in the same rat uterine horn 
adhesion model as in Test Example 1 without hemostasis for 
the defect part of the abdominal wall and the incision part of 
65 the uterine hom. 

The antiadhesive effect of the gel of the present invention 
was examined and evaluated in the same manner as in Test 
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Example 1, except for carrying out no hemostasis for the 
cuts of the abdominal wall and the uterine horn and using 0.5 
ml of a photocured crosslinked-hyaluronic acid gel having a 
concentration of 2% and DS of 2.5% and having been 
subjected to a heat treatment at 105° C. for 10 minutes 
before irradiation with ultraviolet rays and at 121° C. for 8 
minutes after irradiation with ultraviolet rays (n»10). As the 
control, the same animal as that used for test group was 
examined without insertion of materials in the same manner 
as in Test Example 1. 
The results obtained are shown in Table 4. 



TABLE 4 



Animal No. 


Control Group 


Tfest Group 


1 


2 


0 


2 


2 


0 


3 


2 


0 


4 


2 


0 


5 


2 


0 


6 


2 


0 


7 


2 


0 


8 


2 


2 


9 


2 


0 


10 


2 


0 



The photocured crosslinked-hyaluronic acid gel at a dose 
of 0.5 ml showed a significant effect of antiadhesion on the 
model receiving no hemostasis. In other words, the results in 
Table 4 prove the superiority of the photocured crosslinked- 
hyaluronic acid gel to the commercially available TC7 that 
cannot be applied to the affected part without carrying out 
hemostasis. 

Test Example 3 

Antiadhesion Effect of the Photocured Crosslinked- 
hyaluronic Acid Gel in Rat Intestinal Adhesion 
Model 

1. Test Substance 

Photocured crosslinked-hyaluronic acid gel having a con- 
centration of 2% and DS of 2.5%; heat treated at 105° C. for 
10 minutes before irradiation with ultraviolet rays and at 
121° C for 8 minutes after irradiation ultraviolet rays. 

2. Test Animal 

Seven-weck-old SD female rats were purchased and fed 
for 1 week before testing. 

3. Preparation of Adhesion Model 

The serous membrane from the ileum to the colon was 
peeled off linearly in a length of 20 cm and in a width of 3 
to 4 mm. Hemostasis was not carried out. 

4. Administration and Grouping 

A prescribed amount (0.5 ml, 1.0 ml or 2.0 ml) of the gel 
was injected from a 1 ml syringe and applied to the affected 
site. After the application, the intestinal canal was returned 
into the abdominal cavity, and the abdomen was closed. The 
adhesion model without application of the gel was taken as 
the control group. The models applied with 0.5 ml, 1.0 ml 
and 2,0 ml gels were taken as 0.5 ml, 1.0 ml and 2.0 ml 
groups, respectively. Each group consisted of 10 rats. 

5. Evaluation and Results 

Seven days after the implantation, the rats were sacrificed 
by exsanguination through the carotid artery under anesthe- 
sia with ethyl ether. After dissection, the degree of adhesion 
was evaluated according to the same scoring system as in 
Test Example 1. The results obtained are shown in Table 5 
below. 
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TABLE 5 



5 



Animal 


Control 




Test Group 




No. 


Group 


0.5 ml 


10 ml 


2.0 ml 


1 


2 


0 


0 


0 


2 


2 


0 


0 


0 


3 


2 


1 


0 


0 


4 


2 


0 


0 


0 


5 


2 


0 


0 


0 


6 


2 


0 


0 


1 


7 


2 


0 


0 


0 


8 


1-2 


0 


0 


0 


9 


1-2 


1-2 


0 


0 


10 


1-2 


0 


0 


0 



All the three test groups showed significant antiadhesion 
effects compared with those of the control group. The results 
in Table 5 show not only the effectiveness of the gels of the 
present invention on antiadhesion but their superiority in 

20 tissue-stickiness and tissue-biocompatibility considering 
vigorous peristaltic movement of the intestine. 

Furthermore, at seven days dissection after the implanta- 
tion in animal tests in Test Examples 1 and 2 above, most of 
the administered photocured crosslinked-hyaluronic acid gel 

25 was disappeared by the naked eye. Thus biodegradability of 
the gel of the present invention was shown. 

As described and demonstrated above, a photocured 
crosslinked-hyaluronic acid gal can be easily prepared by 
irradiation with ultraviolet rays of a high concentration 

30 aqueous solution of a photoreactive hyaluronic acid deriva- 
tive. The photocured crosslinked-hyaluronic acid gel of the 
present invention possesses physical properties such as 
suitable visco elasticity, tissue-affinity, biodegradability and 
the like while retaining excellently inherent properties of 
hyaluronic acid such as non-toxicity, non-antigenicity, 

35 biocompatibility, biodegradability and the like. Therefore, it 
is expected to be applied to various fields as a medical 
material of high safety, for example, as an antiadhesive 
material, a carrier for sustained release of a drug or the like. 
Furthermore, the gel can be injectable into fine parts of the 

40 affected sites of the body by means of a syringe, a tube or 
the like, and is therefore expected to be applicable to 
microsurgery and the like. 
We claim: 

1. An injectable photocured crosslinked-hyaluronic acid 
45 hydrogel having a network structure containing an aqueous 
medium, said gel having a storage modulus (G') of from 50 
to 1500 Pa, a loss modulus (G M ) of from 10 to 300 Pa, and 
a tangent delta (G7G') of from 0.1 to 0.8 in dynamic 
viscoelasticity measured by a rheometer under the following 
5Q conditions, 

method of measurement: 

oscillation test method, stress control 
measuring temperature: 37° C. 
measuring geometry: 4 cm 
55 gap: 800 fim 

frequency: 10 Hz, and 

which is a hydrogel obtained by irradiation with ultravio- 
let rays of a photoreactive hyaluronic acid derivative in 
which a photoreactive crosstinking group is chemically 
60 linked to a functional group of the hyaluronic acid and 
crosslinking of mutual photoreactive crosslinking 
groups. 

wherein said photoreactive crosslinking group is a cin- 
namic acid derivative containing a spacer and enemi- 
es cally links to a functional group of hyaluronic acid to 
afford said photoreactive hyaluronic acid derivative 
and 
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said mutual photoreactive crosslinking groups of said 
photoreactive hyaluronic acid derivative are dimerized 
by irradiation with ultraviolet rays to form a cyclobu- 
tane ring and to thereby form said network structure. 

2. The photocured crosslinked-hyaluronic acid-hydrogel 5 
according to claim 1, 

which has a crosslinking extent of form 0.01 to 0.05% per 
mole of a constituent disaccharide unit of hyaluronic 
acid. 

3. A photocured crosslinked-hyaluronic acid-hydrogel i° 
according to claim 1, 

which has a water absorption of 2,000 to 15,000% as 
defined as follows: 

water absorption (%)=weight of absorbed water /weight of dried 15 
gelxlOO. 

4. The photocured crosslinked-hyaluronic acid hydrogel 
according to claim 1, wherein said spacer is a group derived 
from an amino alcohol, an amino acid or a peptide. 

5. The photocured crosslinked-hyaluronic acid hydrogel 
according to claim 1, wherein said photoreactive crosslink- 
ing group is represented by the following formula (1) or (2): 

— NHCCR^XOCOCH^CH— Ph (1) 

wherein R 1 and R 2 each independently represents a hydro- 
gen atom or an alkyl group having from 1 to 8 carbon atoms; 
Ph represents a phenyl group; and n represents an integer of 
from 2 to 18; 

— A— NH — Ph — CH=CHCOOR 3 (2) 

wherein R 3 represents an alkyl group having from 1 to 8 
carbon atoms or an aralkyl group; A represents 
— (NHCR 4 R 5 CO) m — or — M^CR^^CO— ; R 4 and R s 
each independently represents a hydrogen atom or an alkyl 
group having from 1 to 8 carbon atoms; — Ph — represents 
a para-phenylene group; m represents an integer of from 1 
to 6; and h represents an integer of from 1 to 18. 

6. The photocured crosslinked-hyaluronic acid hydrogel 
according to claim 1, wherein said photoreactive crosslink- 
ing group is introduced in a proportion of from 0.05 to 10% 
per mole of a constituent disaccharide unit. 

7. A photocured crosslinked-hyaluronic acid hydrogel, 
which has a storage modulus (G') of from 50 to 1500 Pa, 

a loss modulus (G") of from 10 to 300 Pa, and a tangent 
delta (G7G') of from 0.1 to 0.8 in dynamic viscoelas- 
ticity measured by a rheometer under the following 
conditions, 

method of measurement: 
oscillation test method, stress control 

measuring temperature: 37° C. 

measuring geometry: 4 cm 

gap: 800 /tax 

frequency: 10 Hz, and 

which is a hydrogel obtained by irradiation with ultravio- 
let rays of a photoreactive hyaluronic acid derivative in 
an aqueous medium solution in which a photoreactive 
crosslinking group is chemically linked to a functional 
group of the hyaluronic acid and crosslinking of mutual 
photoreactive crosslinking groups and then by a heat eo 
treatment of the crosslinked product. 

8. A photocured crosslinked-hyaluronic acid hydrogel, 
which has a storage modulus (G') of from 50 to 1500 Pa, 

a loss modulus (G") of from 10 to 300 Pa, and a tangent 
delta (G7G 1 ) of from 0.1 to 0.8 in dynamic viscoelas- 65 
ticity measured by a rheometer under the following 
conditions, 
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method of measurement: 

oscillation test method, stress control 
measuring temperature: 37° C. 
measuring geometry: 4 cm 
gap: 800 fm\ 
frequency: 10 Hz, and 

which is a hydrogel obtained by a heat treatment of a 
photoreactive hyaluronic acid derivative in which a 
photoreactive crosslinking group is chemically linked 
to a functional group of the hyaluronic acid, and then 
by irradiation with the ultraviolet rays of the heated 
photoreactive hyaluronic acid derivative in an aqueous 
medium solution and crosslinking of mutual photore- 
active crosslinking groups. 

9. A photocured crosslinked-hyaluronic acid hydrogel, 
which has a storage modulus (G') of from 50 to 1500 Pa, 

a loss modulus (G") of from 10 to 300 Pa, and a tangent 
delta (G7G') of from 0.1 to 0.8 in dynamic viscoelas- 
ticity measured by a rheometer under the following 
conditions, 

method of measurement: 

oscillation test method, stress control 

measuring temperature: 37° C. 

measuring geometry: 4 cm 

gap: 800 jum 

frequency: 10 Hz, and 

which is a hydrogel obtained by a heat treatment of a 
photoreactive hyaluronic acid derivative in which a 
photoreactive crosslinking group is chemically linked 
to a functional group of the hyaluronic acid, and then 
by irradiation with ultraviolet rays of the heated pho- 
toreactive hyaluronic acid derivative and crosslinking 
of mutual photoreactive crosslinking groups, and then 
by a heat treatment of the crosslinked product again. 

10. The photocured crosslinked-hyaluronic acid gel 
according to claims 1, 7, 8 and 9, wherein the endotoxin 
content of the gel is 0.25 endotoxin unit (EU)/g or less. 

11. A method for preparing a photocured crosslinked- 
hyaluronic acid hydrogel comprising: 

irradiating with ultraviolet rays an aqueous medium solu- 
tion containing from 0.5 to 10% by weight photoreac- 
tive hyaluronic acid derivative in which a photoreactive 
crosslinking group is chemically linked to a functional 
group of the hyaluronic acid; and 

forming an intermolecular and/or intramolecular 
crosslinking by dimerization of the mutual photoreac- 
tive crosslinking groups to provide a network structure. 

12. The method for preparing a photocured crosslinked- 
hyaluronic acid hydrogel according to claim 11, wherein a 
heat treatment is conducted before and/or after irradiation 
with ultraviolet rays of said aqueous medium solution of the 
photoreactive hyaluronic acid derivative. 

13. A method for preparing a photocured crosslinked- 
hyaluronic acid hydrogel comprising: 

irradiating with ultraviolet rays an aqueous medium solu- 
tion containing from 0.5 to 10% by weight photoreac- 
tive hyaluronic acid derivative in which a photoreactive 
crosslinking group is chemically linked to a functional 
group of the hyaluronic acid; and 

forming an intermolecular and/or intramolecular 
crosslinking by dimerization of the mutual photoreac- 
tive crosslinking groups to provide a network structure, 

wherein a heat treatment is conducted at from 100 to 125° 
C. for from 5 to 30 minutes with high pressure steam 
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before and/or after irradiation with ultraviolet rays of 
said aqueous medium solution of the photoreactive 
hyaluronic acid derivative. 

14. A biomedical material comprising the photocured 
crosslinked-hyaluronic acid hydrogel according to any one 
of claims 1, 7, 8 and 9. 

15. The biomedical material according to claim 14, which 
has an antiadhesive effect. 

16. A biomedical material kit comprising the photocured 
crosslinked-hyaluronic acid hydrogel as described in any 
one of claims 1, 7, 8 and 9, and a container containing said 
hydrogel in such a state that it can be taken out. 
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17. The biomedical material kit according to claim 16, 
wherein said container which can push out said hydrogel for 
injection. 

18. The photocured crosslinking-hyaluronic acid hydrogel 
according to any one of claims 1, 7, 8 and 9, which is 
capable of being pushed out from a container. 

19. The method for preparing a photocured crosslinked- 
hyaluronic acid hydrogel according to claim 7 or 8, wherein 
said heat treatment is conducted at from 100 to 125° C. for 
from 5 to 30 minutes with high pressure stream. 
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